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I’LANT AND MACHINERY. 

By .T, H. WiiST, M.I.Chem.E,, A.M.liist.C.K 

-VcATN tlio ])a.'it year 1ms been oharactcrlsed by severe depression 
iii®(ho ehomieal industry, tliough .signs of renewed activity are 
just beginning to ap]Kiar in the last few months. ‘BCrtlig^siigli. 
periods manufacturers have litthi incentive to instal new plant, 
or to replace obsBhite a])])aratus by more n^idem ty)XAS, and it 
is also difficult to find money for the commereial development of 
new inventions. 

While few. if any. fundamentally new ideas are available for 
record, there is no doidjt that steady and imjmrtant progr^ is 
being made in the tsusk of placing tlw design of chemicaj-^hint 
upon a scientific basis. ^ 

• I'he founding of the Institution of Chemical En^rlfiers is an 
event of the highest im|)ortance, not only from tt#i^oint of vhtw 
of a new and antiioritative centre for the coMtfifion and dissemina» 
tion of scientific information on the do.sigh of ehemicaf plant, but 
also because the Institution will exercise a much-needed control 
over the ^atus and cpialitications of chemical engineer%.in this 
(ountry, .and will do much to counteract the harstt which has 
been done in the past by incom|)ctent persons who ur^flertook 
th(! design of plant without having the training an<t»expcrience 
necessary for this work. The work of the In^itution will not 
conflict with or overlaji the excellent work whifh is being done 
by the Chemical Engineering Group of the Society in the holding 
of conferences and publication of papers on chemical ^gincering 
.subject^ since these usually refer to commercial developments, 
whereas the papers presented to the Institution may be expected 
to be df a more scientific character. 

,Another important event of the past year is the founUation 
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of the Kainsay Memorial Chair of Chemiciti Engineering at 
University College, London, the first full professorship'-in this 
subject to bo .established in the country, ^oth as regards the 
training* of chemical engineers and the carrying out of research 
<his foundation should«havc important results. 

'The most novel and interesting item in this .section which has 
ap})eared during the past year is Dr. H. S. Helc-Shaw’s “ stream¬ 
line* filter,” which consists* of a large number of sheets of pape’r 
perforated -with holes and pressed together under an adjustable 
pressure, so that the holes in register form tul)es. , In the com¬ 
mercial filter unit the size of the sheets is roughly 8| in. by 6| in., 
and there are .32 inlet holes A in. in diameter, and 63 outlet holes^ 
f in. in diameter. Arrangements are made in the end plates, 
or heads, of the press for connecting the inlet and. outlet holes . 
or tubes, resiK'otively, together. On pumping the liquid to be 
filtered info the inlet tubes the solid matter is retained ard the 
clear filtrate passes between the sheets of pajier to the outlet 
tubes. So minute is the spacing between the sheets of paper 
when pressed togv,ther that really extraordinarj' feats of filtering- 
can bo performed without any tendency to clogging occurring or 
the jat^Acf' flow diminishing under constant pressure. Dirty 
black oil from the crank case of an engine comes out clear and 
light in colour, an<j cloudy ditchwater contaiqing matter which 
■will remain almost indefinitely in suspension, emerges perfectly 
coia”'-lcss and clear. For the clarification of oils and varnishes 
and the removal of colloidal suspensions in liquids this filter 
offers a new w'ea])on which should prove very valuable. In 
sucSycases the filtrate is the valuable portion, the solids— 
usuall^-^ very small percentage of the whole—being thrown 
away. The removal of the solids from the filter can be done by 
slacking ofo^jie pressure on the sheets and reversing the flow, 
or by means in the inlet tubes. Whil^ the commercial 

handluig of filtering problems in which the solids are the valuable 
portion has not yet been completely solved in this filter, the 
solution is now within sight and only a matter of a little further 
experinfentation. t ' 

The -i'apor used is water- and oil-proof, and is not attacked by 
dilute r'cids, and quite recently a new typo of paper has been 
adopted which ir highly resistant to alkalis, so that the com¬ 
mercial filtration of 10% caustic soda solution can now be carried 
out satisfactorily. This is a very important advance, since 
hitherto the filtration of strongly alkaline solutions has ‘been 
practically impossible, and settling has had to be resort^ to. 

In connexion with evaporation there is some prospect of the 
so-called “ heat pump ” coming into more general use in this 

f.. 1923, 383t‘.- Proc. Boy. Soc-., 1923, A108, 656 ; J., 1923, 751a. 
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county. There‘has in the p^t been considerable prejudice 
againsWthis type of evaporator among English chemical engineers, 
but with improved ^construction the results now .attainable com¬ 
mand attention in view of the high evaporative efficiency per 
pound of live steam used. The Pracho and Bouillon evaporatra’, 
which has been in use for many years on the Continent, is /low 
l)eing made in this country, and some idea of the results it gives 
may to of interest. The heat pump in this apparatus is an 
injector of special design giving a very large entrainment of 
vapour with the live steam. In order to keep down the heating 
surface witfiin reasonable limits, and yet work with a small 
temperature drog, mechanical circulation by ineans of irapoller|,. 
is usually resorttxl to, thus ensuring thoroughly turbulent flow in 
the heating tubes and a reduction of the film resistance.® With 
this evaporator in single effect about lb. of water is evaporated 
j)er lb. pf live steam, or approximately as much as *ia obtained 
in a quadruple effect of the ordinary type. It is claimed that 
ffrothing is entirely eliminated, and that difficult liquids, shch as milk, 
wool-scouring liquors, and glucliquors, can to successfully dealt with. 

Another form of heat pump is the Testrup drum dryer, which 
has been applied to the drjnng of peat.® In this cssstotte vapour 
given off from the wet material on the outside of grooved drttmS 
is compressed nwhauically and returned tji the interior of the 
drums. The same principle is being applied in other dryers, 
iK)th of the stationary and rotating types. • • • 

There are a number of patents connected with drying, but they 
mostly refer to improvements in details of construction, or to 
means for recovering the heat of the exit gases. The ^sion 
patent rotary retorti, to which reference was made in htst year’s 
Jleport, has undergone some modification.^ Instead^of hammers 
suspended from a shaft passing through the rota^,^ tube, there 
is now a tumbler, comprising three or nipje.-fBsually six in the 
latest type) ramal arms, and made uoi a number of sections 
])laced end to end. The tumbler sections rest on the bottom of 
the rotating tube and are carried round with it until they over¬ 
balance emd fall over. This retort can to uiled for drying, par-' 
ticnlarly where a certain amount of crushing is necessaryito avoid 
caking and agglomeration, and also for calcining and Vetorting 
■shales and lignites. 

A good many patents relating to crushing and grinding hstve 
appeared. Most of those refer to improvementsdetail of known 
forms of ball mills, disintegrators, and so forth, and call for no 
.special comment. Grinding to extreme fineness continues to 

^Proe. Chem. Eng. Oronp, III. & IV., 132-135; The Pomr Engineer, 
•topt., J923. ► 

“E.P. 191,812; J., 1923, 387a, 

‘ E.P. 201,960 ; J., 1923, HMIOa. 
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"ocpive altliniWn. A Plauson ^niili for dry gi<ndiiig in, vacuo-' 
jlaiins the reduetion of the particles to a diameter of loss than 
)'()08 mm. 'Phis mill comprises a shaft ci^rying fKiater bars, 
mounted' eccentrically in a double-walled casing, the space’ 
hptweeu the walls Ixiing used for the circulalion of a heating or 
:;<KJing fluid. A sieve on the outlet ))i]H‘ stops the coarser particles 
From ri'aching the .settling chandasr and returns them to the mill, 
ivhile ail ultra-lilter prevents the finely ground material fronp 
■caching the vacuum pump. The material to lie ground is fed 
n through a. hopjier and an air-lock compri.sing two valves coujiled 
.ogether so that when one is ojien the other is shut.' Means are 
irovided for removing tho linest, material from the settling 
ihamber without lireaking the vacuum. 

Another mill for producing very fine powders is that of 
fi. Podszus.'' In this the attrition is iiroduccd by the crushing 
md rubbiitg of fine particles between nujiinging coarser,parotides 
if the same material, the coarser ])articlcs being added in the 
■atio of 1 to 2 of fines. Two combined fans and heaters rotat<» 
it high sjiecd in rfipiBisite directions on shafts witli the same 
lorizcntal a.xis, and thereby cause the particles to im])inge pn 
mo anoyjejj ,Thc solid material occupies about one-third of the 
?|)!ibe ni tJie easing, and the re.st may contain air or li((uid. The 
'round material is b^own out by com])ressc.d air. with a device for 
eturning the coarser particles to the mill, anct a filter on the 
;ml^. of the collecting box to retain the fine powder. It is 
claimed that this mill can grind to colloidal fineness, and that 
Ihe wear on the mill is very small. 

Aa-^egards distillation there are no new features of importance 
lo bo found in the year's jlatents, but several pajiers of interest 
have apiiOg^ed. Vols. III. and ]\', of tlie Proceedings of th^ 
Llhemical Ertghioering Group, recently published, contain three 
paiiers on diatiTlStri*^;;;^" The de.sign of ammoniacayiquor stills ” by 
P. Parrish,’." Tar distillajion " by W.A. Walmsley,and "Glycerin 
distillation " by T. H.Grav.* Calcidations for fractionating colunms 
are considered in two jiajMirs,® and a theoretical treatment of the 
condensfeion of viijiour from mixtures of vajiour andt non-con- 
dcnsabl%ga8f'is given by II. F. Dodge.’" 

The ViJry important suiijeet of heat transference is dealt with 
in two pa^rs—by G. .f. Greenfield,” and B. Heastie.” The 

’ E.r. Igri.fiftU ;IMS, 

“E.I>. 183,1 J., 1!«3, SSr.A. 

’ J., 1923, 229t. 

‘J., 1921, 281h, 

• J., 1923, 37a, f>33A. 

11 J. Ind. Eng. (Vimi., 1922,14. 1082 ; J., 1923, 38a. 

n ('Am. and Ind., 1923, 390. 

J.f 1923, 443t. * 
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att<‘r is a valuabib paj)er, giving .both theoretical and practical 
reatsicnt of the subject. One mterestiog jiraetical |>omt brought 
>ut is that the use, ff guperheated steam in a healer may give 
*ors(> results than those obtained with saturated or even 'fcxhanst 
steam, owing to the »(isistan(e of the gas Mm on the heater wall 
.vhen superhesated steam is used. I’lie value of this paper wopld 
m\e been considerably greater if referenwes to the previous work 
[Soted had beiai given. • 

A great deal of work is teeing done, on the electrical precipitii- 
i(en of dust. eu. is shown by the fact that over fifty patents relating 
I) it have been abstracted in the Journal during the j’car. Moat 
nf these, refer to difTerent forms and constructions of electrodes, 
Old mechanical devices for removing the dust from the electrodes, 
fthers relate to the nature (jf the electrical field employed, several 
proposing an alternating field suiK‘rj)osed on a dirret, current 
ield.'“* Another ])roposal is to u.s<‘ electrodes of thin croas-.seotion 
,\hieh are. h(!ated electrically so as to ionise the gas, ayd at the 
aun<5 time serve as diaehargi' electrodes.''* One, patent'^’ jiroposes 
o subject the dust to the action of Rdntgen niys whereby the 
lartleles become jiositively charged and are then ])reeipitated 
iectrieally. " 

On the other hand, several methods of ineventing ionisation of 
h(^ gas before treaWnent, or removal of any ioniiSition due to flames, 
irc described. 

The addition of finely divided granular material to the gas betorc 
reatment in order to assist in bringing down the fine du.st is 
iropo.sed,*'* and also the addition of acid fume.*’ 

lajaehing is an operation which is usually regarded as siif’simpk 
tsrfiot to require .scientific study, but tlm pajH'r by F. G^'Donnan" 
diows that it is capable of mathematical treatment reduction 
:o scientific formujse. This clas,s of paper, to^vWilR’belong also the 
■ontributions of M. B. Donakl and C.,W. Syson to the institution 
if Chemical Kngineers,’® on absorption towers and conditions of 
•onstant flow in filter presses, is very valuable, since every attempt 
:o analyse'the, fundamental principles which lindcr]^^ cliemical 
qK-rations must bo welcomed. Practical designers of plagl may 
<coff at these mathematical investigations as not taking ><ictual 
ivorking conditions sufficiently into account, but gradually theory 

30!l,87!l. J., 102;!, 3:!(iA. (!.!>. ;!,-i8,:i07 ; J., 102:!, i;!0a. 

“ a.l’. 304,430 ; ,/., 1023, 4.33 a. K.I>. I97,8:)7 ; ,/., 1923, 090a. 

U.P. 370,09!); J., 1923, 1008a. ‘ 

1,440,778 ; J., 192;1, :140a. 

*’ U.S.P. 1,440,880 ; J 1923, 109a. 

1923, 440t. 

'V., 1923, 1209a. 
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and practice will be brought clcj^r together, witM the result that the 
design of chemical plant will reach as sound and scientific a basis as 
that of mechanical engineering design. , « 

Amofig miscellaneous matters mention may be made of a number 
vof papers dealing withtthe causes of cxplosioas in chemical works,®* 
explosions in air Iwiuefaction api)aratus,** and dust explosions.^ 
The efficiency of different types of agitators is a subject which has 
nxjoivcd too little attention, possibly owing to lack of methods fi)r 
making accurate comparisons. E. V. Murphrec has. developed a 
method depending upon the rate of solution of crystals.**® The 
volume of the solution, the weight and size of the crj’stals, and the 
rate of solution are determined, and from the dpta the constant K, 
representing the weight in grams dissolved per sq. cm. of surface of 
crystals per minute per unit concentration difference, can be^ 
calculated. 

High-speed agitation as an aid to reactions betweenogases and 
liquids has been studied by C. H. Milligan and E. E. Reid.®® The 
agitator, which consisted of a perforated disc with a bell-shapM 
projection benealh, yould be run at speeds up to 14,000 r.p.m.,* 
and the gas was delivered beneath the agitator bell. The speed of 
roacjiioB wsS found to vary directly with the speed of agitation. 

"a novel form of agitator for mixing liquids of different densities 
is patented by F. He Dietrich.®® It is of elongated egg shape and 
hollow, the small end reaching almost to the conical bottom of the 
■rt»isv!l and having there an orifice through which the heavier liquid 
enters it. Owing to the rotation of the vessel the liquid, both 
inside and outside the agitator, rotates also, and the heavy liquid 
inside the agitator rises by centrifugal force till it reaches a series 
of orifiies at the wide.st part of the agitator near the top, through 
which it is thrown in fine, drops which sink through the lighter 
liquid. 

The combined afftieii of centrifugal force and Cm electrical field 
for removing colloid infjiuritios from liquids, such as used trans¬ 
former oil is advixiated by A. Marx and J. Rozi^rcs.®® One pqlo of 
the clcftric suppl_^is connected to the rotating bowl of ^ centrifuge 
and the otlatr to a metallic cylinder placed concentrically inside the 
bowl, ipessure of 40,000 volts being used with electrodes 10 cm. 
apart. 

* mijific. eVOTtt., 1922, 85, 6.'>7; J., 1923, lA. 

“ Ibid., 1923, 86, 202 ; J., 1923, ,587a. 

“tVtein. 1923, 8, 54 ; J., 1923, 21)a. It.d. Kiig. Clum., 1923, 
15 , 232 ; J., 1923, 339a. KoUoid-Zeitx.. 1923, 83, 101 ; J., 1923, 873a. 

‘‘Ind.‘Kng. Chem., 1923, 15 . 148; J., 1923, 253a. 

“Ibid., 1923, 15 , 1048 ; J., 1923, 1159a. 

“ U.S.P. 1,464,150 ; J., 1923, 1114a. , 

“ Comptea rcn<l„ 1923, 176 , 1390 ; J., 1923, 637a. Chim. cl Ind., 192?, 
10 . 218 : J., 1923, 1005a. 
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An interesting flrvestigation on ijie effect of 38 different chemical 
liquids upon six kinds of wood used for making tanks has been 
made by S. J. Hauseir qpd C. Bahlman.® The absorptive capacity 
tor the different liquids, production of discoloration and taKte in the 
liquids, and corrosioti were tested for each kind of wood, and the 
results set out in graphs. 

E. PassbuTg and H. Griffiths have patented a rocking trough 
apparatus^* for obtaining large and uniform crystals. Mention 
was made of this in last year’s Report, but no reference was given. 

« Clutm. and Met. Eng., 1923, 28, 159 ; J., 1923, 211a. 

E.P. 204,5.59 ; J.,»1923, UBIa. 



If 


FUEL 

Bv ICrxiAR C. Evans, B.Kc., E.l.C., M.l.M.E. 

Mewr^-. tStikliffc, iSpcahnaii and Co. London. 

Thk continued economic depression in England has hamperetl 
large-scale developments in fu(d technology In this country diu’iiig 
the past year, A considerable amount of work has been done 
(m the laboratory and semi-eomracrcial scale, but no new develop¬ 
ments of a far-reaching character can be said to have taken place. 
At the same time, other countries more favoural)ly circumstanced, 
have inaugurated large-.scalo schemes which [womise to be of 
considerable importance in the future in the rational utilisation t>f 
fuel. ' ^ 

A general surv'ev of the published work during the past twjive 
months, si«w.s to emphasise in a very interesting manner the 
divergencies that exist in different countric.s between the stand- 
])ointB from which tliey regard the fuel question. Problems that 
are of supreme importance in England are frequently only of 
s\iq)(jrlieia1 interest to other countries. On the other hand, a study 
of continental and American work emphasises the importance that 
is laid there on as])eets of the subject, which arc in this country 
regarded as having only a theoretical interest.. These div'ergencies 
are due-to a number of reasons, some of them economic, some of 
them due to the character of the fuels available, and others to purely 
social custohrg. to methods of fuel utilisation which have become 
almost traditimlShvJji England the universal us^ of the open fire 
(essentially a wasteful aq,d unscientific method of domestic heating) 
has caused particular emphasis to be laid on the production of a 
smokeless fuel. Many attempts have been made to solve this 
])roblei^j b^t the 'difficulties exjierienced have been s(A great that 
it has taken over 20 years of work to bring within sight a solution 
of the problems involved. In this long ireriod of experimentation 
considerabU' resoirch has been done which will jrrobably be of very 
great ultimate importance to the fuel industry, and yet, despite 
this, our views of smokeless fuel production have received consider¬ 
able criticism from continental observers.' This criticism in itself 
is indicative of the difference in the continental viewpoint from our 
own in so far as fuel research is concerned. Considerable aKention 
appears to have been given in the continental research stations to 

'll. Audib<*rt, rferar dc TlndiiMHe MineralCt No. 53, March 1, 1323. 

« * 
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the production dl oil from coal,,and the solid residues of coal 
distyiation have frequently been a matter of secondary importance, 
whereas the by-pro^cts are of primary value, for this reason 
?uch processes as the Bergius process, which gives a \%ry high 
yield of liquid distilktes, have received fas greater attention than 
they have had in this country, and similarly the tendency of 
continental research has been to concentrate more on the character 
<#' the oils, tars, and other by-products obtained in the distillation 
of coal at various temperatures. 

These national tendencies, however, are really helpful; they 
enable a far wider field to be covered than would be possible if a 
purely individualistic’ view were taken, and an annual review of 
this type allows of the co-ordination of the various aspects of the 
work that is being done, and to some (■.vtent liidiing up the api)a- 
I'l'iitly divergent researches into a systernatmr whole. 

But, wjiilsti there arc many aspects of fuel tcchnolbgy which 
arc national (in the nanow sense), in their importance, there {ire 
dthers which are international—they affect every fuel-prt)ducing or 
fuel-using country to a greater or less extent. * 

ll’he most important of these is undoubte3ly the use of fuel for 
steam raising, but unfortunately this aspect of the Cfuqutign has— 
to its detriment—left the domain of the chemist almost entirely 
for that of the engineer, and it, therefore, p{{rticipates only to a 
limited extent in a modern review of the progress of applied 
chemistry. 

A question, however, which is of vital im))ortance in practically 
every industrial country', is that of fuel consumption and utilisation 
in the iron and steel industry, and for ^lat reason a big proportion 
of the world’s work in fuel technology is associated with one or 
other of the various branches of the iron and steel and metallurgical 
industries. During the past twelve months a considerable amount 
of work has beqp published in connexion ■gdth'The properties of 
blast-furnace coke, particularly with^refqjence to the influence of 
structure of the coke on its combustibility. The work that has 
been done in this direction links up in a very interestin^manner 
the confliefing claims of high- and low-temperAure qjirbonisation, 
and brings into line the interests of the two great eoal-consuming 
industries—the gas and coke industries—^w'ith those of the industrial 
and domestic consumer. 

In the light of recent work on this aspect of the fuel question, It 
is possible to visualise a large-scale process of carbonisation at 
gradually increasing temperatures in which a high gas yield is 
obtain^ at the same time as a high yield of liquid products, in 
which a maximum yield of ammonium sulphate is obtained with a 
maximhm of motor spirit, and which results in a hard, dense, 
splid fuel possessing physical qualities which make it pre-eminently 
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suitable for blast-furnace work .whilst, at the same time, it has a 
combustibility of an order sufficient to allow it to be uwd.as a 
domestic fuel., 

Such a fractional distillation of coal is already in use on a large 
scale in certain coalfields, and it is probable that the future will see 
a rapid extension of this principle, with the result that much of the 
research which is now a matter of academic interest will become of 
very considerable economic importance to the great fuel-consuming 
industries. 


Fuei, Economy. 

From the general standpoint of fuel economy, it is pleasing to 
note that the average fuel consumption per unit of electricity 
produced in power stations in this country is being consistently 
reduced. From a riturn issued by the Electricity Commissioners 
in 1923,^ the power production in 1922 showed an increase of 
807 million units or 17-5%; the fuel consumption showed an 
increase of 203,637 tons or only 3% over the preceding year, whilst 
the average fuel c'JnBvmptlon per unit of electricity generated was 
reduced from 3'11 lb. to 2-78 lb. The possibility of further imprerre- 
mentf hoiffiv'er, is shown by the achievement of the North Tees 
Station of the Ncwcastle-on-Tync Electric Supply Co. of producing 
electricity with a futi consumption of only 1'73 'h. of coal per unit 
—a remarkable result. 

W i> 


PowDKEBi) Fuel. 

The subject of powdered fuel in steam boilers continues to 
receive ''attention. H. Kreisinger and J. Blizzard give results 
obtained in tests at two American plants.® One of the plants 
mentioned, uistalled at the Lakeside Station of the Milwaukee 
Electric Railway and Light Co., is particularly interesting. This 
furnace haS a water sor«3n connected with the boiler which acts 
as an absorber to some extent of'the heat radiated from the 
bottom of the furnace. The furnace also is hollow-walled, which 
reduces radjption fosses, and the furnace air is heated* to a tem- 
peraturil of about 230° C. The overall efficiency of the boiler 
and economiser is over 90% of the net calorific value of the fuel. 

D. Brownlie® gives further particulars of this plant and adds 
some valuable data regarding labour costs, auxiliary power con¬ 
sumption, maintenance cost, and capital costs of powdered fuel 
firing. He advocates the use of pulverised low-temperature coke 
for steam raising. 

•H.M. Stationery Olfioe, White Paper, March, 1923. 

•CoHwry Guardian, Feb. 2, 1923, pp. 263-264. 

• Trans. Jnsl. Elect. Eng., Oct. 3, 1923 (.idvance copy). 
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J. T. Dunn® gari comparative figures oi costs oi powaered fuel 
and splidi fuels for reheating furnaces at a British steel works, 
which illustrate the %d\rantages of powdered fuel ior this type 
of work. 

J. S. Atkinson® in a general paper draw* attention to various 
aspects of powdered fuel production and utilisation, includipg 
preliminary drying, grinding, combustion, and ash handling. 

in connexion with the utilisation of pulverised low-tempcrattire 
coke for steam raising, the Ford Motor Co. of Canada is building 
at Detroit a jrlant with an initial capacity of 400 tons per day, 
which ultimately is to be increased to 2400 tons j)er day. Of 
yiis it is proi)o.sed to use 1800 tons for the Imilors, while 600 tons 
will be used in the production of briquettes for domestic and 
industrial jiurposes,^ 


Peat. 

iVhilst not of outstanding commercial importance in England, 
the question of the production of a high-grada fuel from peat 
has considerable potentialities in other coifntries and work is 
bein| actively pursued in many directions. The gjjjpstion is 
important in Canada owing to the dependence of the in£istrial 
sections of Ontario and Quebec on fuel imported from the United 
States.. In an interim report of the Canadian Dominion Fuel 
Board® surveys of peat resources amounting to approxima^l^ 
200,000,000 tons are mentioned. An outline description is given 
of a method of producing air-dried peat, and a scheme is con¬ 
templated of 20,000 tons per amium capacity. 

The Fuel Research Board has issued aft exhaustive report^on the 
production of air-dried peat® containing the results of investiga- 
tiofts by E. J. Duffy and P. F. Purcell on the air-drykig of peat 
in this and other countries. A pessimistic viev^is taken of the 
possibilities of tluf drying of peat by heat. " , 

J. W. Hinehley*® gives particulars df some interesting work on 
the reduction of moisture in peat by pressure. After warming 
to the boiling point of water, suitably applied pressure rfeing to 
i ton per sq. inch reduced the moisture content t5 34% to 
50% with different peats. With cold-pressing of SomersdJ peat 
the percentage of moisture left was 75%, but wj^h hflt-pressing 
this was reduced to 50%. Further drying to 30% moisture could 
be effected by waste heat. Calculations are made of the energy 

‘ Iron and Coal Trades Keviev, AprU 13, 1923. 

' /6id„ Dec. 22, 1923. 

’ ChaK. and Ind., 1923, 1166. 

' Iron and Goal Trades Review, July 13, 1923. 

* H.M: Stationery Office, 1923. 

“J., 1922, 365t. 
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consumption ot the process, ^nd estimates of the cost of plant 
and of operations are given. * , 

.T, C. Morripon” subjects the ])eat to jrjssure and suction to 
reduce the moisture from 80'’/, to 00 %. The semi-dried peat m 
then further dried to about 20% of moisture by hot air and suti- 
seguently briquetted. In a private communieation to the HTiter 
the inventor claims to have proved the process commercially, and 
states that the cost of a comjilctc plant is ajiproximately 8150,OtIO 
for a unit having a eapaeity ot 100 tons a day. 

LkiNITK. 

The subject of the utilisation of lignite is refeiving considerabl? 
attention in many countries. I’he French Commission on Cai- 
bonisation’2 has e.xamined the French resources in lignites, and* 
states that systematic work is being jicrformed on the lignites of 
that country. 

"W. A. •Bone'" records rcsult.s of carbonising tests on air-dried 
lignite (;t0"j, moisture) at. various temiK'ratures. Carbon dioxide, 
and steam were evolved below STS'" C., methane and unsaturated 
hydrocarbon^ between 875“ and 500’’. Hydrogen was not pro- 
(kcetl unm a tempi'rature of 501)“ was reached. The first oil was 
obtained at 375°. He suggests that the intensity of combustion 
of the lignite be increased by subjecting it to a preliminary heating 
below 400°. 

Tlie.se results are, of course, characteristic only of the lignites 
examined, as lignites differ so considerably from one another. 
For example, in a test made by the writer on Czecho-SIovakian 
lignite,ioil tvas evolved at' a temperature of only 238° C., and at 
330° a quantity equivalent to nearly !) gallons ]ier ton had been 
given off. s 

In a later rep*.>r^ on Aloorlands lignite'^ laboratory and large- 
scale testi^ on this*' iTlaterial are described. Dult-firing trials on 
about 4 tons of fuel gave di^apjiointing results, and difficulty was 
experienced in securing the complete combu.stion of the fuel when 
in suspension. t * 

C. ijlng^lhard*' describes an interesting gas producer u.sing 
lignite ‘as a fuel. A fuel column of only 80-100 cm. was used 
with an asii zoqc of 5-20 cm. and a combustion zone of 20 cm. 
To overcome the disadvantage of crumbling to powder which 
occurs with some lignites on drying, it was found preferable to 
work with the wet material and to dry the gas produced. 

" U.S.l’. 1.450,102 ; J.. 1923, 438a. 

** Iroti onrf Coal Tradea Review. May 11,1923. 

J. Roy. Soc. Arts, 1923, 208 ; J., 1923, 255a. 

Iron and Coal Trades Review, *Se})t. 7, 1923. 
angew. Chem., 1923, 36. 98 ; 1923, 250a. 
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ChL Shales and Liquid Fuel. 

The subject of liquid fuel is a vitally important one in the 
^litical economy o# most countries, and the chemical^ aspects 
associated with its production and utilisation are worthy of serious 
attention. 

The question of oil shale distillation is growing in interest, and 
chemists in different countries are investigating the problems 
associated with oil shale treatment. The future imponance of 
these materials can be gathered from the statement by R. H. McKee* ® 
that one field, alone in the United States would yield eight times 
the total production pf that country since the first oil well was 
.sunk. In this artifle he reviews the liquid fuel situation from an 
oil-.shale standpoint, and summarises some of the work done on the 
j subject. He points out a fact that cannot be too frequently 
emphasised, that the retorting of each shale is a separate problem, 
and censidens that the large-scale retort suitable for handling 
American shales has yet to be evolved. On the experimental 
siHe, the researches of R. H. McKee and R. T. Goodwin*’ had shown 
•that shale distillation was endothermic and .there was absorption 
of Jioat averaging about 160 B.Th.U. per pound of shale. No 
fractional distillation of the shale took place, but thelifit prodqpt 
expelled was a semi-solid bitumen which by subsequent cracking 
yielded oil. Thcjp authors obtained a pftduct intermediate 
between the kerogen of the shale and shale oil by distilling oil 
shale under reduced pressure. This was a highly unsaturkMd 
material, but by heating at atmospheric pressure it became more 
saturated. Alternatively when the shale was distilled at atmos¬ 
pheric pressure, the oil was much more saturated, shale thus 
behaving in exactly the reverse way to petroleum. 

.Much work has also been done on retortii^ processe^, bat up to 
the present no new development has taken place to merit any 
detailed attentioi. A big step forward has been taken by the 
recognition that every shale presents, its .own problem’, and it is 
probable that two or three different types of retorts will ultimately 
be required to deal with the specific types of shale that exist. 

Renewed* attention has been given during the past«year to the 
hydrogenation of oils and solid fuels. H. G. Shatwell** |ives a 
brief review of the subject with an excellent series of r^erefSices to 
patents and publications dealing with this important question. The 
primary work, of course, was done by Bergius, and this process was 
reviewed by J. I. Graham and H. G. Shatwell.*® The hydro- 

'• Chem. and Ind., 1923, 193. 

« Eng. Chem.. 1923,16, 343 ; J., 1923, 483a. See also M. J. Gurvin, 

V.S,‘3areau of Mines Bull. 210, 1922, 179-189. 

*'J’«1. 1923,8, 229. 

"Euel, 1923, 8, 64 ; J., 1923, 34U. 
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gonation of coal by the Bergiijs process has, tis yet, only been 
porforniod on a sond-commercial scale. It is possible, honjev^r, to 
treat coals containing less than 86% of carhop at a temperature of 
approximately 400° C., and pressures of 4o to 200 atm., with S 
jtroduction of saturatad hydrocarbons similg-r to petroleum dis- 
tillgtes, together with phenolic compounds, which carry most of 
the oxygen present in the coal. In the treatment of coal the 
operation is pefformed in two stages. In the first stage a mixtuse 
of two parts of raw coal and one part of oil is hydrogonised, resulting 
in the production of 87% of oil, the remaining 13% being gas and 
loss; 50% of this oil is used to treat a further qumitity of coal, 
whilst the remainder is “ Berginised ” separately. The ultimate 
result from one coal tested was the production of 81% of 
“ Berginised ” products of an average density of T047, of which 
27'2% has a density of ()-917 and a boiling point below 230°. 

The hyflrogcnation of oil, however, has been worked on a coiu- 
mprcial scale. Tlie oil is treated in a double-walled autoclave, 
nitrogen, at a high temperature and a pressure equal to that of the 
hydrogen, and oU being circulated through the outer chamber ; by 
this method a uniform temperature condition can be maintainod, 
while tlje v'ail of the bomb may bo much less massive than would 
bd required otherwise. The principal objections to the Bergius 
process in the past have been the capital c^ost of the plant and the 
length of time taken by the reaction. ’’ 

, The process has been investigated in considerable detail by 
continental experts and their views are extremely favourable. 
P. Erculisse“ deals exhaustively w'ith the production of liquid from 
solid fuels and emphasises the commercial importance of the 
Bergiut process. 

The Soc. Finanyicre de Transports etd’Entreprises IndustrieUes, of 
Brussels, has made an exhaustive investigation into the process, 
and by their permission, the following data have been taken from the 
reports of‘their experts Generally speaking, the Berginisation of 
a heavy oil yields 30% of light spirit,30%of fuel oil, 30% of Dric oil, 
and 10% of gas. The quantity of hydrogen required is approxi¬ 
mately'! % for heavy oils, 2% for liquid tar, 3% for colte-oven tar, 
and 4% for coal. The calorific value of the products is greater than 
that ft* the materials treated, despite the fact that the reactions are 
exothermib. This is due to the recovery to a great extent of the 
latent heat of the hydrogen. 

The process they consider to be technically perfect, the only 
portion where much impi’ovement is possible being in the cheapening 
of the cost of hydrogen production. As pure hydrogen is not 
required, they consider that the utilisation of hydrogen from 
coke-oven gas offers the greatest possibilities in this direetjon. 

" BtiU. Soc. Biiijc Ing., 1923, 4, [1]. 
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The capital coSt of a plant to treat 100 tons of oil per day of 
24 hpur» is approximately £160,000. Working costs calculated on 
Belgian figures are oi a .character which show a good profit on the 
Sapital outlay required. These figures are to a certain extent 
estimates, hut they, are submitted by independent experts of 
high standing, and indicate that the process, apart from its inter¬ 
esting theoretical character, is one of which the technical and 
oemmercial possibilities require very serious consideration. * 

The great disadvantage of the Bergius process lies in the high 
pressure and temperature and prolonged period of treatment 
required, and for that reason numbers of inventors have suggested 
^the use of catiilysta^. Several of these were menuoned by Shatwell 
in his review of the subject,'® but the following additional ones may 
^ be of interest. 

M. Melamid,^' using tin-lined vessels, claims an 80-90^ conver¬ 
sion ci he^vy oil into oil of low boiling point, with a pressure of 
oiJy 10-20 atmospheres and a temperature of only 260'’-320'iC. 
'Hie tin acts as a catalyst, while tar oils or mineral oils may be used. 
• H. Plauson and J. A. Vielle,®^ using nicke^ or Nickel steel tubes, 
foiuid that the pressure required for hydrogenation of coal varied 
with the temperature. Thus at 600° C. only 50-60^atan.. was 
necessary, but at 400° about 150-200 atm. was required. * 

An interesting jiroocss in which the addition of hydrogen is 
dispensed with is being developed by G. P. Lewis.“ In this 
system, which applies particularly to lignites and peat, the eolid 
material is ground to an impalpable powder, suspended in minerai 
oil, and then passed through tubes at a pressure not exceeding 
26 atm. and at a temperature of approximately 500° C. A 
Canadian lignite treated in this way gave an oil yield of 68f gallons 
per ton, of which 12-2 gallons was motor spirit, whilst nearly 80% 
boiled below 300° C. By the addition of a suitable catalyst to the 
mixture of coal apd oil the 3 dcld of motor spirit isf almost doubled. 

Generally speaking, whilst large-scale ^ilants have "yet to be 
erected, the hydrogenation of solid fuels offers extremely important 
possibilities, especially in the treatment of fuel of recent fojmation, 
and in man^ cases give promise of being, when pdifecte^,a valuable 
means of utilising deposits which are at present difficult to^fexploit 
on any extensive scale. 

Coal Analysis and Testing. 

The need for a standardised system of coal analysis has been 
long felt, not only by scientific workers on coal but by the com- 
meicial^tcrests involved in handling the material. 

" E.P. 171,367 ; J., 1923, 218a 

''E.f. 182,852 ; J., 1923, 693a. 

“ E.P. 175,670 ; J., 1922, 283a. 
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For this reason the recent report by the Fuel'Research Board“^ 
on methods of coal analyses will be welcomed. It is to he hpped 
that the methods suggested will he ujiiwersally adopted by 
British c’lhemists in order that results from different laboratories 
may be standardised as much as possible. > 

Of growing importance in this direction is the necessity of a 
standard method of determining the caking index of coal. The 
method suggested in the report is a modification of the Campredoti 
test, in which the weight of sand which can be bound into a coherent 
coke by unit weight of coal is determined. Further fie tails of the 
method have been given by T. Gray,^"' and ij is stated that results 
show a surprisingly close agreement with those obtained by, 
heating ground coal in cotton bags in a coke-oven. 

The uncertain factor is, of course, the sand, and different , 
sands give.different values for the caking index. In a brief review 
of the subject^® A. Badarau and F. Tideswell have suggested the 
advisability of determining a “ caking power curve ” for each 
coal, from a determination of the crashing strength of a range of 
mixtures of coals and inert, materials. 

Electrode sarbon, the use of which had been previously ^g- 
gexted by F. S. Sinnatt and A. Grounds,'" was used as an inert 
material, and it was found in a series of tests that there were two 
types of coal: (1) coa'ls of high initial coking stresgt h which rapidly 
f^Us on addition of inert material, and (2) coals of low initial 
coking strength which rises on addition of inert material. The 
change from the first to the second type seemed to follow a decrease 
in the oxygen content of the coal. Other papers were read on the 
subject, at the Congres do Chauffage Industriel in Paris by J. 
St. Clair-Deville^* and A. Meurice®® and these emphasised the 
necessity fur the determination of crushing strength. 

The methods «iggested are all of service in so far as existing 
methods of coke manufacture are concerned, ihey give an idea 
as to whether a coal can be 6arbonised in an existing coke oven to 
give a coke suitable for blast-furnace work, but they are all more 
or less Empirical. • The character and strength of a (toke can be 
modified so‘profoundly by the preliminary treatment of the coal 
{grinding and briquetting) and by the method and rate or tem¬ 
perature dl carbonisation, that considerable further work on this 
very interesting subject is desirable. 

“ Physical and Chemical Survey of the National Coal Resources,” 
Fuel Research Board, No. 2, H.M. Stationery OHieo. 

“ Fuel, 192S, 2, 42 ; J., 1923, 34!a. 

Fuel, 1923, 2. 01 ; J., 1923, 537a. 

” J., 1920, 83t. 

=“ Fuel, 1923, 2, 290. 

‘^Fvcl, 1923, 2, 306. 
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The accurate ^termination of the specific gravity of coal is of 
impprt«nce in connexion with coal washing, and the paper on 
this subject by T. JjDrakeley and W. 0. Jones®" \Yill be welcomed 
*by coke-oven chemists and others engaged in this branch of the 
industry. , • 

Useful work has also been carried out by G. Coles®® on the specific 
heat of coal. The generrl character of the effects of the moislure 
eontent, volatile matter, and carbon: hydrogen ratio has •been 
determined. The work should be of value in ooimexion with 
investigations on the sjx)ntaneous heating of coal, and to a lesser 
extent in investigations on thermal phenomena of coal carbonisation. 
(Se- also 1923,*2. 152, 186, 298, 317, 339, 344, 362, 373.) 


Constitution ok Coal. 

The vexed question of the constitution of coal has cpntmued to 
receit-e (ftnsiderable attention during the past year. In a series 
pf papers on the spontaneous combustion of coal in relation to its 
composition and structure, M. C. Stopes and R^V. Wheeler®® have 
taken the opportunity of giving a review of modem ideas of coal 
ci?a.stitution and particularly of the properties of the four con¬ 
stituents of banded bituminous coal, vitrain, durain,*fclarain, iini^ 
tusain, and the influence of these ingredients on sx)ontaneous 
combustion. TIms the high rate of oxygeff absorption at com¬ 
paratively low temperatures of fusain noted by Tideswell and 
Wheeler is mentioned, but doubt is expressed whether fusaSi Rad' 
a preponderating influence once heating had begun, as the other 
constituents—especially vitrain and clarain—were more readily 
oxidised at a later stage. The phjrsieal structure of the various 
components probably accounted for the difference in a^orption 
power. ^ 

The influence of fusain is emphasised by the work of F. S. 
Sinnatt and L. Slater®® on the spread of propagation of combustion 
in coal. Fusain is the most friable fwrtiBn of the coaf, and it was 
found that the degree of fineness of the coal played an important 
part in dejermining the speed of propagation of pombustioji through 
the mass. Results contrary to the above views have b»en obtained 
by J. I. Graham,®® the oxygen absorption observed by fim with 
fusain at low temperatures not being nearly so grgat tis those 
found by Tideswell and Wheeler, probably owing to the size^of' 
the particles adopted by the latter and partly to difference in 
composition of the fusain treated. 

’“‘J., 1923, 163t. 

1923, 433t. 

“ Fuel, 1923, 2, 29, 83, 122 ; J., 1923, 537a. 

Fuel, 1923, 2, 211 j J., 1923, 878a. 

Colliery Guardian, Nov. 16, 1923. 
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Graham found, however, tha.t the samples of fusain examined 
by him absorlied oxygen at low temperatures at a lower mte,than 
that shown by,coals liable to spontaneous combustion. 

In dissussing this paper R. V. Wheeler^'’ considered that the 
dillorenoes observed ware due to the diflerenee in the temperatures 
adopted. In the cxperitnenls of TidesM’ell and Wheeler a higher 
temperature was used than in those of Graham. There does 
seem a likelihood that fusain plays the part of the ‘‘ viUain of tlie 
piece,” and further work on the subject is looked forward to with 
interest. 

The e.xtremely valuable results obtained from t he palmo-botanioal 
examination of coal sections are now universally recognised by^ 
find technologists, but the preparation of the,sc sjieeimens requires 
a degree of manipulative skill which the average chemist has not ^ 
generally the tinu^ to acquire. Kurther difficulties have been 
cxperiencetl in [uiqiaring suitable sectioiLs from steam ^coajs and 
anthracites. For this reason the methods suggested by 
H. Wintelt''® of examining microscopically the coal by reflected 
light are of considerable interest. After grinding and polishing r 
and etching with a suitable reagent, it is possible to distingiysh 
clearly in iueny eases the plant structures (qiollcn grains, seeds, 
•spores, etc.) in the coal. 

This matter has been quickly followed up, ^id C. A. Scyler®’ 
describes the result of an examination of dull and bright anthra¬ 
cites,. The bright coal showed every appearance of spore 
structures similar to those of durain. Dull anthracite coal fre¬ 
quently contains bands showing cellular debris. Fusain is often 
present in anthracite and,cell structure is clearly evident. The 
banded' constituents of coal therefore persist in anthracite, and 
the fact will have an important bearing upon the theory of 
anthracitatidn. 

Chemical methods of attacking the problems of-coal constitution 
have been'followed upffiy foveral observers. A. R. Pearson®* 
considers coal to contain (1) resinic compounds soluble m pyridine 
and chl(jroform, and (2) condensation compounds of^ celluloses. 
Ho gives tetthcsc'the name ” ultrahumins,” and classifies them 
into and y-ultrahumhis ; ultrahumins which are not resinic 
are insoluble in pjrridine; j3- and y-ultrahumuis are soluble. 
The difficutty of removhig pyridine from these extracts is well 
known, and, unfortunately, prolonged heating to remove jiyridine 
destroys cokmg properties, which a- and jS-ultrahumins possess. 
It has been found possible, however, to replace pyridine in the 

Iroti and Void Trades Review^ Doc. 14, 1923. 

“‘Fiifl, 1923, 2, 78 ; J.. 1923, 537a. 

Fuel, 1923, 2, 217 ; J 1923, 87(>\. 

“.r, 1923, 68t.«' 
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adsorption corapleSes, and derivatives oJ definite composition fiave; 
been.pr^duccd in this way with sulphuric acid—oallud oxahumins 
—and from these hriyiiinated derivations have been formed. The 
Jonchision is arrived a^ that the ultrahumins contain "a stable 
molecular nucleus of which nitrogen is jjrobably a constituent 
element. 

P. V. Tideswell and K. V. Whceler^“ have exaiuined the dbp- 
plerite found in peat beds. The material is essentially a mixture 
of acid anhydrides, the original lignone and cellulose groupings 
being preserved and now ring compounds of the pyrrole and 
furan series *arc also prc.sent. The substance is similar to the 
" vitrain ” of liituntinous coal in many rci poets. Somewhat 
similar material fias been examined by W. Schneider^ and 
H. Winter.'" 

The extremely interesting controversy that has been raging 
regarijing^ the parent typo of substances in a coal x^ontinues. 
P. Pischer and H. Schrader have elaborated into a pamphlet 
their reasons for the view that the parent substance in Wtuminous 
coal is lignin and not cellulose.® They have continued their 
researches with the adoption of the folibwing methods :—(1) 
Action of solvents ; (2) action of alkalis ; (3) pressarg, oxidation 
of peat lignites and coals in the presence and in the absence •of» 
v.iriotis oxides; (4) low-temperature diijj,illation of those 
materials ; (5) tlib study of the products of decay of vegetation, 
cellulose, and lignin.'*’ This work points to the existence of an , 
essentially aromatic structure in coal which would agree with the 
lignin derivation theory, whereas cellulose derivatives would 
have a furan structure. 

In a review ot the work of Pischer and Schrader, D. T.»Jones*’ 
ppints out that the drastic chemical methods adopted by those 
observers would have a tendency to modify the strdbture of the 
residual matcriai, and that in the conditions of the experiment 
the aliphatic compounds would become converted into aromatic 
ones, so that the theory is not prefed from the chemical stand¬ 
point. Another point of view is submitted by H. J. Page.*’ Prom 
the standjlbint of the soil chemist he has revtewed the ^iddence 
for and against the cellulose and lignin theories, but the uesult of 
this analysis again must leave the verdict as “ not proven^” The 
work of A. Pictet on the distillation of lignin has«also heen briefly ^ 

»» 67rem. Soc. Trans., 1922,121, 2345 ; J., 1923, 83a. 

" Oes. Abhandl. Kennt. Kolde, 1920, 6, 541 ; J., 1923, 130a. 

“ aiiickauj, 1922, 58 , 1533 ; Fuel, 1923, 2 , 58. 

** 1922, 2, 93, 133. 

Abhandl. Kennt. Kohle, 1920, 5 , 1, 34, 37, 40, ete.; J., 1923, 3a, 
4a, 130a, 13tA. 

“ fuel, 1923, 2. 387. 

“ Fuel, 1923, 2, 232. 
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reviewed by D. T. Jones,** and this again seems to indicate that 
the conclusions of Fischer and Schrader are premature. 

This subject, however, is extremely fascinating, and whethcf 
cellulose*or lignin ultimately prove to be the parent substance of 
coal, a vast amount »f useful knowledge in being gained which 
will he of service to the chemist. (See also Fuel, 1923, 2, 93, 95, 
106, 107, 387.) 


Low-Tempiskatukk Carbonisation. 

The carbonisation of coal at low temperatures occupies a 
position intermediate between that of the hydrogenation or other 
treatment of coal for the production of liquid fuel and its treat¬ 
ment for the production of a high-temperature coke. In many* 
cases, where solid fuel is cheap and liquid fuel expensive, it is 
economic to regard low-temperature carbonisation simpl/ from 
a fuel oil,standpoint, and to consider the carbonaceous residue gs 
a by-product. In England, on the other hand, the production of 
a hard, smokeless” free-burning solid fuel is the primary considera-' 
tion, whilst the liquid and gaseons products are merely 'by- 
producto. ■* " 

'Low-temperature carbonisation schemes must therefore be 
considered from onO or other of the above vitnvpoints, and the 
particular system of retorting to be adopted in any particular 
case* might very well depend on the market conditions at the site 
where the scheme is ailoptcd. 

During the past year the growing literature on this subject has 
been added to by descriptions of a few new retorting procc.sses, 
some of which present novel features, and by the extension of 
already existing systems. 

Low-Temperature Carbonization, Ltd.,*’ announce that their 
Barnsley plant is to bo increased to 500 tons a dat' capacity. They 
claim the following yields on,a throughput of 8230 tons of coal;— 
Smokeless fuel, 6210 tons ; tar, 172,665 gallons; gas, 38 million 
cubic fept of over 800 B.Th.U. per cubic foot. , 

A low-twperaturc scheme of considerable magnitude is being 
devclo)i(cd by the Henry Ford l!o., at Detroit. The process used 
is the t‘ Piron ” system, developed by A. V. Caracristi. In this 
process** tlie cokl is coked on a movable conveyor composed of 
joined metallic plates. These are heated by means of a lead bath, 
the temperature of which can be controlled within narrow' limits. 
The coal is charged in very thin layers, so that the rate of car¬ 
bonisation is very rapid. The solid fuel is a semi-coke wt;ich can 

•• Fuel, 1923, 2, 387. 

*’ OAetit. and Ind., 1923, llOO. 

*• fron and CoaFTrades Review, August 24, 1923. 
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be easily pulverise, and it is proposed to use thelonlk produced 
as a pouriered fuel, the remainder being briquetted vith a binder. 
A process of anotheatype has been suggested by J. S. Morgan*® 
in which the coal is passed directly on to a lead bath, it is not 
stated whether this has been tried out on* a semi-conuncroial or 
commercial scale. 

A process of somewhat novel type has been patented by H. 
Koppers,®® in which the heat is imparted to the charge by means 
of steel balls of 100-125 mm. diameter, which have been pre¬ 
heated to a temperature of say 800° C. These are charged with 
the coal into a revolving drum; after they have given up their 
^eat, the pulverised coke formed is discharged through a screen 
whilst the steel balls are returned to the pre-heating furnace. 

In the above processes the coke is produced in powdered form, 
and if requiied as a solid fuel for domestic or industrial purposes 
must bo Iviquotted. 

A. Thau“ describes the Fellner and Ziegler rotary retort, which 
is working at Gelsenkirchen on a throughput of over ^ tons of 
coal per day. The large coke produced is gasSied in producers, 
whilst the small coke is briquetted. 

The production of saleable lump coke by low-tempCtatarc car¬ 
bonisation in vertical retorts is dealt with by the Fuel Eesearch 
Board.®® In a ses'es of experiments made in'continuous vertical 
retorts, using a mixture of 60% of caking coal and 40% of non¬ 
caking coal in the nncrushed state, a good coke consisting of large 
conglomerate masses was produced with the production of about 
20% of breeze. When made at 770° C. the combustibility of the 
fuel was high enough to allow it to be used in open grates. It 
was found very advantageous to use steam in the process, and this 
decreased the proportion of breeze, increased the yields of tar, gas, 
and sulphate, and increased the throughput. A u^ul feature 
of the tests mad# consisted of determinations of the heat required 
for carbonisation with varying peroeptageu of steam. The retorts 
used were externally heated and had a throughput varying 
from 1-74 J;o 2 tons a day. The retorts used were, oi course, 
designed for high-temperature work, and it w suf^sted that 
cast iron or mild steel retorts would be more favourable Jib good 
working. 

The best results from every standpoint (including that of 
thermal efficiency) were obtained when u maximum quantity of 
steam was used, and it might be of interest to compare the results 
obtained with those in a plant of somewhat smaller capacity—1 ton 

and Coal Trades Review, April 13, 1923. 

“ E.P. 184,144 ; J., 1923, 442a. 

Iron and Coal Trades Review, April 6, 1923. 

“ Technical Paper No. 7. H.M. Stationery Office. 
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a ,,day—by E. R. Sutcliffe and the writer, in'which steam alone 
superheated to 750° C. was utilised us the heating medium, no 
external heating being employed. ^ ^ 



Fuel Research 
Board test. 
Externally- 
healed rotort. 

In temu Ily-heated 
retort. 

Results in 
internally-heated 
retort calculated 
on raw 
coal basis. 

Character of coal 

60% Mitcliell 

Briquottei-of 70% 


charged. 

main. 

Trenchbone *and 



40% Ellostown 

30% coke breeze. 



main. 



mutter in coal 




chargctl 

32-4% 

24-4% 

— 

Porcontiigo of steam 




used 

20'!,', 

125';;, 

— 

Distillotion tcshUs. 




Coke, % .. !. 

f 71-7% 



Ua«, cub. ft. ]H’r ton.. 

7,750 of «40 

12,.560 of 437 

17,1M3 e. ^ 


B. Th. U. 

B.Th.U. 


I'ar, galf. per ton .. 

lC-62 

10G« 

18-30 

Light spirit, gall, per 




ton 

^ - 

2-64 

4-78 

Sulphate, lb. jmr ton 

2S-2 

37 (13 

53-75 

Volatile mutter in 




C6ke 

6-3% 

5 0% 

6-0% 

Temperature used .. 

604° C. 

0 

750° C. 

750° C. 


A feature of the above results is the high gas yield in an internally- 
heated retort at the comparatively low temperature used. To a 
slight extent a waterjgaa reaction is taking place between the 
steam and solid carbon, but This in itself would not account for the 
increased yield, and there seems a probability of interaction of 
steam ’Sith the volatile hydrocarbons left in the coke, fficilitatcd by 
the r&activity of the coke made. Useful particulars are given by 
the r\jel Research Board of the distillation and washing tests of the 
tars made*. , 

Very little systematic work has been done in England on low- 
temperature tars, but research has been actively pursued on the 
Continent on the character of these products. The character of the 
tars produced varies considerably with the character oL the coal 
used, the retorting temperature and the type of retort u^. The 
complex nature of this subject can be gathered from an examination 
of some of the continental work on the subjeet. 
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B. Bromm and H. Eckard“ found that two geologically similar 
lignites give two dissimilar tars in the same retort, diEEerenges 
existing in the neutrej, basic, and acidic portions. . These differ- 
effbes were attributed to dissimilar botanical origin. • 

Low-temperature tars have been obtained by B. Bischer and his 
collaborators, which differed very considerably from those obtained 
by B. Schiitz and his co-workers.^^ These differences were attri¬ 
buted by Bischer to overheating in the case of tars tested «by 
Schiitz, but the latter worker disagrees with this suggestion and 
ittributes the differences observed to the method of treatment of 
iho tar adopted by Bischer. A detailed examination of these 
lesults is out of place iff this brief note, but the p. Int is mentioned 
n view of the ultimate importance of the subject, if and when the 
!ow-lempcrature or fractional distillation of coal is embarked upon 
III a large scale. 

Genefall^ speaking, the jKisition with reference to low-temper- 
iture carbonisation is that whilst many jiroocsscs are now being 
worked on a semi commercial or small commercial scale,‘not one 
Ifus yet attained the ])o.sition of being able to pablish a working 
balance sheet actually showing a profit on continuous working over 
i prolonged period, and, until that can bo done, rapid extension of 
iny process of smokeless fuel production can hardly be looked foi*. 

The general tendency in most recent workjs to carbonise at 
medium temperatures (700°-7!50° 0.) rather than to limit the 
temperatures to 500° or so, as suggested by earlier workers. Th^ 
volatile matter in the coke produced is, of course, considerably 
'educed, but by due attention to the preliminary preparation of the 
oal and by the utilisation of suitable types of coal, the combusti¬ 
bility of the product is still maintained at a point which iwould 
illow of the resulting fuel being used in the domestic grate. 

Blast-Buenace Coke. 

Jhe continued depression in the iron and steel industry has 
simulated investigations into methods of reducing the fuel con- 
mmption in*the manufacture of pig iron and st^l. Tjif fiasis of 
ko iron and steel industry is, of course, furnace coke, and»*more 
Hid more emphasis is being laid on the necessity of purity and 
xeedom from ash and sulphur in this material. The effefft of these 
ngredients is cumulative in so far as fuel consumption in blast-" 
urnace practice is concerned, and a high ash or high sulphur con- 
ent in the coke increases the fuel consumption much more than the 
imount ^atis actually required to fuse the ash or to eliminate the 

“Bcr., 1923, 56, 948 ; J., 1923, 488a. 

“ Uar., 1923, 66, 162, 601, 869 ; nrennsMf-Chem., 1923, 4, 49, 84 ; J., 
lifts, 17,lA, 261 a, 343a, 344a, 488a. 
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sulphur as the case may be. Tor this reason, cflnsiderable attention 
is now being given to methods of reducing the proportion qf these 
ingredients in coke. 

The'problem of eliminating shale from finely-divided coal can 
now be regarded as solved, and this in itself allows of the pro¬ 
duction, without excessive loss in washing, of a product of much 
lower ash content than was formerly possible. 

By the use of a Draper fine coal washer, one South Wales coking 
installation is turning out coke with a guaranteed ash content of 
less than 7%, which is a marked improvement on results obtained 
in the past. 

The washing of coal fines is not an easy operation, and the 
difficulties involved, together with the theoretical principles, are 
discussed by L. Locoeq.®" Particulars of various typos of coal 
washers are given together with a detailed description of the 
Rln'olar'eur system. 

, A process of an entirely different type is that of froth flotation. 
This process Ls able to treat coal in a fine state of subdivision, but 
difficulties have been experienced in the past in dc watering the 
concentrates obtained. These, however, have now been overcome 
by a process®* of flocculating the coal concentrates with tar and the 
like and extruding the water by a pressure of about 2 tons per 
square inch. According to another process,®’ economy in the use 
of tar is obtained by separating the most finely-divided part of the 
rcaal, flocculating this with tar, and finally mixing the flocculated 
fines with the coarser coal and subjecting the mixture to pressure. 
The proce.ss requires the use of only a small quantity of oil, but a 
process at the other end of the scale, the Trent process,®* necessitates 
the Use of a considerable proportion of oil. An interesting com¬ 
parison of the two processes was given by 0. C. Ralston,®* and it 
is suggested that the two processes could be used to supplement 
one another, the froth flotation system being used with coals down 
to the she of “ slime ’’ and the Trent process for the latter product. 
The IVent process, howevSr, suffers from the disadvantage that' 
the ofl-coal “ amalgam ” produced has to be distilled if the oil is 
to be reqpyered.* ® 

Ai. interesting method of drying washed coal fines is that of 
R. Fabry,** in which the coal is dried centrifugally, in a 
continuohs machine. 

‘ These new developments in coal cleaning are of considerable 
promise to the iron and steel industry. They allow of the pro- 

“ Fuel, 1923, 2, 25!). 

“ W. Broadbridgo and othere, E.P. 193,947 ; J., 1923, 438a. 

W. 'W. Stenning and othere, E.P. 193,466 ; J., 1923, 392a; 

Cf. E.P. 151,236 and 183,430 ; J., 1921, 684a ; 1923, 392a. 

“ Colliery Qum4i<m, Fob. 9,1923. 

y’ C}. E.P. 182,006 and 202,910; J., 1922, 621a ; 1923, 1062a. 



29 


mjfh. 

duction of a cpke of increased purity, with a consequent decrease 
in the^fu^l consumption per ton of iron made. 

^Another factor of consijierable importance is the sulphur content 
in the coke. A high-sulphur coke adds considerably to the fuel 
consumption in iron manufacture, and with the decreasing supplies 
of high-class coking coal, the trouble is already becoming acute 
in certain districts in this country. 

^he work of A. R. Powell” on the question is extremely useful. 
He has found that sulphur exists in coke in three or perhaps four 
forms, viz., ferrous sulphide, adsorbed free sulphur, sulphur in 
solid solution, and sulphates. Of these the ferrous sulphide 
i» the easiest to tcliminate. It is removed to some extent 
during the coke-quenching operation; it can be completely 
»)xidised at 500° C., and is partly removed by the action of 
hydrogen on the incandescent coke. The removal of the other 
forms t)f sulphur from coke, however, is difficult, and much 
more promise is attached to its elimination from the coal, prior to 
coking. 

• « 

A. Lissner” states that the removal of sulphur from coal is 
irapfacticable, except in the case of inorganic sulphur (pyrites etc.), 
which can sometimes be removed by clutration. Organic Sulphur 
is difficult to separate. Organic solvents have no selective action 
on the sulphur-befBing constituents, and only^the most vigorous 
action by bromination or oxidation at 250°-270° C. had any 
effect. * 

The writer has found that coals differ very considerably in so 
lar as sulphur removal is concerned. Inorganic sulphur in the 
form of pyrites can be separated by fine grinding and wasbing in 
a smtable apparatus, while organic sulphm can frequently be 
considerably reduced by fractional distillation of the coal in steam. 
Thus, in one case, a coal of 3% sulphur had a content of only 2% 
after grinding and washing, whikt this ^oal when heated to 
8(K)°-900° C. in a current of steam gaVe a coke with only 1-15% of 
sulphur. In another case, a Yorkshire coal carbonised in steam 
at 700° C. fey the Sutcliffe-Evans process gave u coke containing 
1-19% of sulphur as compared with 1-92% in the coal*and J -55% 
in a coke made from the same coal without steam. Simil|j pro¬ 
cedure with other coals, however, has not given such favourable 
results, and a good deal depends on the type of coal treated. The 
problem is an important one and there is room for considerable 
work in it. 


J.Mmer. Ohem. Soc., 1923, 45, 1 ; Amer. Inst. Min. Mot. Eng., Feb., 
1923 ; Gas W<rrU, 1923, 78, Coking Sect., .59; Ind. Eng. Chem., 1923, IS, 
951; J., 1923, 214a, 453a, 697a, 1009a. 

■ “ EalurproiukU, 1923, 113 ; J., 1923, 964a. 
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Manufacture of Coke. 

A few features of general interest have been announced during 
the past ^2 months. In view of the recelit attention given to the 
preheating of coal prior to carbonisation, the announcement of the 
method of treating Sairc coals by a two-stage process is of peculiar 
interest.In the process now adopted the coal is first heated to 
a temperature of (500° C., and when carbonisation is comjdetc pt 
this temperature the resulting soft coke is charged into ordinary 
coke ovens and carbonised under normal conditions of temperature. 
By this means a good hard coke is produced which 'is suitable for 
blast-furnace purposes. 

A new type of coke-oven suitable for use m such a two-stage 
process has been patented by the Soc. de Fours k Coke.** A, 
process of the above type appears to have considerable promise in 
dealing with certain types of high-volalik' coals, and (he preheating 
of the coal considerably improves the (quality of the resulting 
product. A slightly different system was announced fey 
K Shimomura.®'' In a Japanese Patent taken out in 1!K)8 ho- 
proposes to heat ccal to a sufficient temperature to reduce, the 
volatile content in the resulting coke to about 15%. The residue 
is then mixed in suitable proportions with raw coal and carbonised 
in the usual way. .By this means the products from coals which 
customarily give a fingery type of coke, give a blocky coke, hard 
^n4 strong enough for furnace work. 

Heat balance sheets of the coking proces.s have been drafted by 
D. S. Chamberlain and E. W. McGovern,** and by I), W. Wilson, 
H. V. Forrest, and C. H. Hitz, junr.** From a point of view of 
thermal efficiency the regenerative coke-oven comes out fairly 
well, the biggest item of loss in both cases being the sensible heat in 
the coke. Several attempts have been made to recover this, and 
the method recently proposed by Sulzcr Freres®* of cooling the 
coke with inert gases, seei*;s particularly promising. The heat 
extracted from the coke is used for steam raising. A large in- 
stallaticn is now being erected at the Pictou Cokf Ovens at 
Homccourt, and it is anticipated that the coke heat from a 
lOOO-bm-a-day battery will generate 28,0(K) lb. of steam per 
hour ut a pressure of 140 lb. per sq. inch. The system offers 
the further advantage of reducing the moisture in the furnace 
coke. 

“ Chan,' iind Iiul., 1923, 794, 

«* G.P. 366,472 ; J.. 1923, 439a. 

** Chem. and Ind., 1923, 556. 

“ Goa World, 1923, 79, Cokhig Sect., 42 ; J., 1923, 436a. 

Ind. Eng. Chem., 1923, 15, 251 ; J., 1923, 389a. 

E,P. 199,182-, J., 1923, 258a. 
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•Combustibility op Coke. 

Ke*'aith in various directions is being actively pursued on the 
subject of combustibilfty of coke. 15. R. Sutcliffe and E. C. Evans*® 
deal in considerable detad with the question from a blast-furnace 
standpoint. They hold that a high degree bf combustibility in a 
(!oke implies a high reactivity to or solubility in carbon dioxide. 
The latter property in a coke has been almost universally condemned 
b;^ furnace managers, but these authors consider that the endo¬ 
thermic reaction between carbon and carbon dioxide lowers the 
active zone in,the furnace, and concentrates the reducing reactions 
in the region of the greatest thermal activity. Further, a reactive 
iuel would have a direct action on the mixture of molten metal 
and oxides in the nuilting zone of the furnace. The oxides jire-sent 
(Would bo reduced far more readily by a reactive fuel than by an 
inactive one, and this action, together with the “ direct reduction ” 
of the«ore,by reactive coke, would reduce the chemical require¬ 
ments of carbon to a point which would result in a considerable 
sa^’ing hi the fuel consumption of the furnace. 

• The possibiUties in this direction of a condiinetf process of direct 
and, indirect reduction wore brought out by F. Clements™ in the 
discussion on the above paper. He stated that irdn«haB been 
produced in an experimental plant of considerable capacity with an 
expenditure of onjy 900 lb. of bituminous c<tol per ton of iron 
made, and that this indicated cortsiderable support for the views 
cxjircsscd by the authors. The revolutionary suggestions madtf, 
hf)weTcr, could not 2 )a«s unchallenged. The most important 
.arguments advanced against these suggestions are based upon the 
results of tests made under the supervTsi«n of the American Bureau 
of Mines. In a series of papers by R. A. Sherman, J. Bfizzard, 
{i.,St. .1. Perrott, and S. P. Kiimey,®* comparisons of different 
types of coke in a gas producer and blast furnaces are made. The 
combustibihties at the cokes were calculated from the carbon 
monoxide content in the gases at varjous depths in the'producer, 
and one of the conclusions arrived at was that the solubility of coke 
in carbon thoxide did not necessarily correspond to its rqpctivity 
to oxygon (this result differs from that obtained £y R. V* Wheeler, 
<'f. infra). These observers could perceive no apparent connexion 
between the combustibility of the coke used and the^fud con- 
sunqition in a blast furnace. 

The conclusions arrived at by these authors are expressed very 
cautiously, and this is very desirable in a subject in which so many 
complexities exist. Gas analyses of blast furnaces worked primarily 
to give (jjie maximum output of iron may lead to misleading con- 

“‘J. Iron and Steel Iml., 1923, 107, 27 ; J., 1923, 552a. 

107, 84. 

’* Amer. Inst. Min. Met. Rng. ; cj. J., 1923, 436a. 
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elusions from the point of view of the fuel technologist. Further, 
it is possible to draw very different interpretations from the 
valuable mass of data that these observers have collected according 
to the viewpoint from which it is regarded. 

On the other hand analyses of the hearth gases can indicate 
very clearly the amount of work thrown upon the hearth. A 
high excess of combined oxygen, for example, can only result 
from delayed reduction of the ore, and it is significant to note 
that in the furnaces selected by these observers, the lowest fuel 
consumption was accompanied by high excess of combined oxygen 
in the hearth gases. This result is what would be Vsxpected from 
the theories of Sutcliffe and Evans. Further investigation on 
this important subject is, however, being continued, and it is to 
be hoped that the data now being accumulated will clear up a 
matter which is of very considerable importance to the iron and 
steel industry. 

Considerable work has been done in laboratory investigations of 
“ combustibility ” of fuels. K. Bunte and A. Kblmel^ hqve 
investigated the ignition temperature of cokes. R. V. Wheeler™ 
describes a method'of determining '‘reactivity” by the rate of 
oxidation imair, and in carbon dioxide, and gives results for different 
types of coke, whilst further work has been done by A. Korevaar,’^ 
K. Bunte,P. K. Brcuor and A. Broche,’® F. Heyd,” and F. 
Sohreiber.’® Generally speaking, the results obtained are in 
ponformity with the views of E. R. Sutcliffe and E. 0. Evans,’® and 
of G. T. Beilby,®® that the combustibility of a coke is a function of 
its structure. Heyd, however, considers that the inorganic con¬ 
stituents of the coke play a part in determining its combustibility. 
This view has been contrdverted by some observers, but in view of 
the differences in catalytic power possessed by different inorganic 
materials, there seems no reason why the composition of the 'ash 
should not exert an influence. Some force is riven to the hypo¬ 
thesis by„the fact that the nature of the ash plays an important 
part in determining tfie “ activity ” of a charcoal with respect to 
its power of gas absorption.®' As this property is due essentially 
to the'character .of the surface, it seems quite possible that the 
charafter' and content of the ash in coke would influence its 
combustibility. 

W<KserJach, 1922, 06, 692 ; J., 1923, 132a. 

J. Iron and Sled Inst., 1923, 107 , 75. 

I* Slald II. Eisen, 1923, 43, 431 ; J., 1923, 388a. 

” Brennsloff-Clumi., 1923, 4 , 167 j J., 1923, 697a. 
im., 168 ; J., 1923, 697a. 

Ibid., 198; J., 1923, 813a. 

Ibid., 273 ; J., 1923, 1009a. 

'"‘J., 1922, 196t. 

“ J., 1922, 341t. 

O O. Ku£E aadVitbers, KoUmd-Zeits,, 1923, 82, 226 ; J., 1923, 644a 





(JAS—DESTliUCTl VE DISTILLATION— 
TAK I‘EO DUCTS. 

• By F. M. PoTTKii, B.Sc., A.K.C.S., F.I.C., and 

D. Ivor James, M.A. 

Gas Light and Cohe Co., Products Works, Be/Mon. 

^ # 

'i’HB year under r(;view has been characterised not by opooh- 
raakiiig changes in process or principle, but by an unusually large 
plumber of pajwrs embodying the results of careful work directed 
towards obtaining a maximum of efficiency and a reduction of 
oiOTatisig (wsts. It Ls pleasant to record the growing appreciation 
of the value of expert chemists in the gas and coke-oven industries, 
ancl minor gas works are already exploring the po.ssibilities of 
%o-opcrativc chendcal sujwrvision.^ Such a TjentTne, should it be 
fruitful, could only result in the good of all concerned—^the public, 
the industry, and the chemical profession. * • . 

The elasticity conferred by the Regulation Act of 1920 has 
occasioned critical .examination of the possibilities of employing 
heating gas of widely varying thermal values (200-760 B.Th.U.) 
as stages in the manufacture of the most economic fuel for dis» 
tribution and consumption, and increased attention has been paid 
to domestic and industrial burning appliances. Criticism, much of 
which was ill-informed, has been directed, against the thermal basis 
of charging for gas supply; this was the subject of investigatibn by a 
Departmental Committee of the Board of Trade,* which unani¬ 
mously reported in favour of the therm and of its extension to all 
statutory gas undertakings within the scope of the Act. A like 
criticism, not altogether disinterested haa attacked the carbon 
monoxide content of town’s gas,* the chief result of which has been 
only to con^lidate present practice. 

Combustion. 

Slow oxidation of hydrocarbons forms the subjecl^of ai» extended 
scries of investigations by T. S. Wheeler and E. W. Blair.* Briefly^ 
the results indicate that (1) in the case of ethylene mixed with 
ozone, an ozonide is first formed which subsequently decomposes 

’ Gas jyorW, 1923, 78, 387. 

Am. Repts., 1922. 7, iO ; also Gas J., 1923, March 17 ; Gas World, 
1923, 78, 238. 

. ’GttsJ., 1921,166, 429. 

, * J., 1923, 81, 87, 260, 263, 343, 347, 415, 492t. 
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to formaidchj’dc and formic acid, hydrogen jjeroxido also being 
produced in presence of moisture ; (2) for methane an^ oxygen, 
the formaldehyde ])roduction varies inversijly as the temperature 
and time of heating ; no methyl alcohol was detected ; (3) the 
rate of oxidation of .the hydrocarbon is not greatly affected by 
the presence of intermediate jmoducts, though eatalytic agents 
and varied surfaces can modify it considerably; and (4) slow 
oxidation of hexane produces higher aldehydes, unsaturated hydro¬ 
carbons, formaldehyde, acids, carbon monoxide and dioxide, 
hydrogen at higher temperatures, and water. The reactions of a 
mixture of methane and air at ,')()0'’-9(l0" are discusTied by hi. Berl 
and 41. 4’ischer'’; all ohs(a’vers seem to Ihid that ammonia does 
not as.sist materially in .stabilising any forrtialdehyde )ti'oduce(l, 
though it does seem to exert a stahihsing effect on fc)rmic acid.'* 
Methods of measurement of flame velocity are discussed by 
W. Mason,’ who gives details of methods developed at th(! Mines 
Jtepartmental l‘lx])eritnental iStation. 'J’he law of sj)eeds hi the 
jiropagation of llame is discus.scd by W. Pay man," and the explosive 
wave in a mixSurc of carbon hLsnljihide and oxygen has bcew 
investigated by J’. Laffitte." Kxperimenls by W. Payman^and 
R. V. Wl}ee{er'‘'on the exjilosion of carbon monoxide and hydrogen 
fVith air have afforded result .s in accordance with the hypothesis 
originally pul forward by Dixon eoncenihig the function of water 
in this reaction. The effect of the ]iresencc of nitrogen on the 
(Veaction between carbon monoxide and air has also been studied ; 
apjiarently it cannot be regarded as an inert diluent.’* The 
cxplo.sion of a mixture of carbon monoxide, hydrogen, and oxygen 
is discussed by H. R. Dixon and N. S. Walls,” who find that when 
the products of incomplete combustion cool down under such 
conditions that no steam is condensed, the W'atcr-gas equilibrium 
is nearly constant. New experiments concerning the combustion 
of a mixture of carbon monoxide and oxygcij are described by 
W. A. Bone.” Thc^effeet of pressure on the limits of inflam¬ 
mability of mixtures of hydrocarbon and air is dealt with by 

‘ miyi'ic. Clum., 36, 207 ; J., 1023, 608a. <- 

^ Unci'. ■ 

''I'hem. Soe. Tmm., 1023, 128, 210; furl, 1023, 2, HO; J., 1023, 43Ca, 
638a.. 

* Vhefn. ISoc.icTrans., 1023, 123, 412 ; W. Poyman and N. S. Walts, ibid., 
‘ 1023, 123, 420 ; J., 1023, 43(iA, 437 a. 

• Compk.i rend., 1023, 176, 1302 ; 177, 178 ; J., 1823, 610a, 814a. 

'"('hem. fur. Tram., 1023, 123, 12.51 ; 1023, 757a. 

“ W. A. Pone, D. M. Nowitt, and 11. T. A. Townond, Uuj/. Sue. 1‘rcK., 
1023, A 103, 205. Of. Uhem. Sue. Tram., 1023. 123, 2008 ; Gm World, 1023, 
78, 430; Gao J., 1023, 163, 415, 47,7; ,/., 1023, .700a, 064a. F.,Haui«Pr, 
Vhent. and Inil., 1023, 770. 

('hem. Sue. Trctnn., 1023, 123, 1025 ; J., 1023, 756a. 

Guo J., 102^, 163, 303 et acq. 
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W. Payinan and K* V. Wheeler” who find that lor motnaue the 
liniits of downward propagation of flame at atmospheric pressure 
are O'O and 13%, wljilst at fi atmospheres’ pressure tho figures 
oBfiiined are 64 and 10%. 

An inlei’e.stiug lecture was delivered by W. A. Bone” to tho 
Royal Society of Arts on surface comfm.stion, summarising tho 
conclusions arrived at from tho begimiings of tho research in 1902. 
A»iiseful rcmime of information ooneeming the composition*of 
gaseous fuels in relation to their utilisation is also given by 
W. Payman and R. V. Wheeler.^'’ 

The determination pf aiiotyleno and ammonia formed during 
Bieompletc combusljon of organic bases, e.i/., aniline, carbazole, 
pyridine, etc., is described by K. A. Hofmann and E. Will.” A 
^'rapine method for calculating the maximum tem])eraturcs attained 
during a gaseous combustion is given by b’. Pollitzer,** and 0. I. 
Hansen and K. E. NielseiP® deal with a method and apparatus 
(a modified “ Orsat ”) for determining lo.ss of heat in fljie gas«, 
etSnaspient on ineomplete combustion. The propagation of 
^■ombustion in cones of pulverised coal is discufised by E. B. Sinnatt 
ambh. Slater.^ 

Aeration and air-injection of gas for burners is tho subject of tlte , 
Ninth Rejiort-'of the. Re.search Bub-Committee appointed by the 
(las Inve.sligation Commitlee of the Jnstitutiofi of Gas Engineers. 
Directly bearing upon this problem i.s a paper by J. S. G. Thomas 
and E. V. Evans““ on tho entrainment of air by a jot of gaS 
issuing from a small orifice ; a standard formula that the authors 
deduce is claimed to be in good agreement with tho experimental 
results. 

Adjustments to burners, according to the thermal value of the 
gaS emifioyed, is discussed in a valuable practical paper issued by 
the llnited Btah's Bureau of Standards,“ and G. F. Moulton^* 
from me,asuremeifta of llame and cone heights, and analjscs of the 
products of combustion, concludes thbt gases of 400-0(10 B.Th.U. 
per cub. ft. will yield the same domestic service when the appliances 
are correctly adjusted. Lastly an improved ga,s combustion^urnace, 

’' Chan. Nm-. Tnmn., liril!, 123, 43C ; J., 1<123, +:i7A. 

Uus World, 1923, 78, 40.1. 

“ Fud, 1922,1, 185 ; J., 1923, 42a, 

'• lin., 1922, 55, 3228 ; J., 1922, 928a. 

‘*15. angew. Chan., 1922, 85, 683 ; J., 1923, 42a. 

■" Fuel, 1923, 2, 115 ; J., 1923, ,538.1. 

=“ Fud, 1923, 2, 211 ; J., 1923, 876a. 

Gm Wmid, 1923, 78, 589. 

'- F.hTl. Mag., 1923, 46, 785 ; J., 1923, IKIOa. 

-■* F.S. Jliir. of ,Standards, Technol. Paper No. 222, 

1,923, 2,->7a. 

, =* Ind. Kmj. Chem., 1923,15, ->83 ; J , 1923, 705a, 


1922, 17, 15; J., 



30 BEPOXITS OF THE FKOOBESS OF APPLIED OHBMial'BY. 

. f.; 

which it is claimed is considerably superior to ilhat ordinarily used 
in chemical analysis, is described by T. J. Hedley.*® 

f. 

Pbat, Lignite, Coal, etc. 

C<jmparativo figures are given by F. Fischer and H. Schrader^® 
for the low-tcmpcrature tars obtained by dry distillation of lignin 
and cellulose : the yields of gas in the two cases were almost equal, 
the characters of the tars being somewhat different. Lignin tars 
and the relationship of hgnin to coal are also discussed by A. Pictet 
and M. Gaulish’; the facts elicited by these authors lend support 
to the theory that coal is derived from hgnui. ^ 

The drying and coking of peat is described ty J. Steinert,^* who 
finds that 10-13% of tar is obtained, which included amongslj 
other products 15% of paraffin wa.x and 41 % of phenols. Dopplcrite 
forms the subject of a paper by F. V. Tideswell and K. V, Wheeler,’** 
who discuss its constitution, mode of formation, relationship to 
coal and the products of its decomposition at temperatures up'to 
000° C. The aofoon,on peat of aqueous alkalis, milk of lime, and 
various solvents is discussed by W. Schneider and Schellcnberg,’*" 
and the preSSsure oxidation of peat in presence of 2-5 N alkali at 
7l)0° C. by F. Fischer and W. Schneider.®' Humic acids,®* their 
separation, ijropcitjies, and reactions with nitric acid®® and 
chlorine®'are dealt with by Eller and his collaborators. It is well 
to remember in this connexion that the term humic acids ” is 
exceedingly generic, for the natural products, and those derived 
by the oxidation of phenols and carbohydrates present certain 
differences, the significance of which is still undetermined. 

A ntfmber of papers has been contributed by F. Fischer and his 
collaborators®® concerning the pressure-oxidation of lignites, in 
presence of different alkalis. Various aromatic acids were found 
in the products, from which it is concluded thft there exists an 
essentially aromatic sfe'ucture in coal. The pressure varied from 
45 to 60 atmospheres, and the temperatures from 200° to 400° C. 

« j' lft23,432« 

“/Vmwi. Zentr., 1922, 93, 111., 1181; J., 1923, 13(iA. 

Ileh’. Chim. Acta, 1923, 6, 027 ; J., 1923, 7.53a. 

=» 2. angew. Ohem., 1922, 85. 553 ; J., 1923, 42a. 

” Ghcm. Soc.'Tram., 1922, 121, 2345 ; J., 1923, 83a. 

»» Ohcm. Zcnlr., 1922, 93, IV., 1007, 1043, 1044 ; J., 1923, 4a, 131a. 

“ Ohem. Zentr., 1922, 93, IV., 1003 ; J., 1923, 130a. 

W. Ellor, Annalen., 1923, 431, 133 ; 1923, 573a. 

“ W. Eller, H. Moyor, and H. Saongcr, Annalen., 1923, 431, 102 ; J., 
1923, 573a. 

W. Ellor, E. Hordioekerlioff, and H. Saeugor, Annakn, 1923,*'481, 177 ; 
J., 1923, 573a, 

“ Geo. Abhandl.Keiml. Kolde, 1920, 5, 100, 180, 207, 292, 300, 360, 369, 
372 ; ‘'1921, 5. 200, 235, 319. 
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Doliydiation of finite for briquetting purposes etc., by heating 
tinder, pressure, is patented by F. Bergius."® The same subject 
has also been dealt with, by W. A. Bono,®’ who has extended his 
inquiries to the thermal decomposition and carbonisation of 
lignites. 

Carbonisation in Horizontal anp Vicrtioal Retorts. 

•Comparatively little attention has been paid to the horizontal 
retort in the literature, but steady improvement is to bo noted in 
jiractice. Efficiency considerations have led to the extended use 
of siUca retort settings,®® to the full charging of the retorts, regula¬ 
tion of combustion cBamber temperature, and lo the control of 
retort pressure,®® sd that the “ bogey ” yield figure of 70 therms 
as gas is now frequently exceeded. Improvements in charging 
and discharging machinery are also recorded.®® 

The.rcsults of an inve.stigation of great interest in view of its 
liearing upon the suggestions of J. W. Cobb and H. J. Hodsman®® 
are embodied in an excellent paper by T. C. Finlaysdn,®® wfio 
.has conducted a thorough research mto known and proposed 
processes for jtroducing mdiistrial oxygen, tfie controlling factors 
laitf down at the outset being the necessity for low c»p\j;al expen¬ 
diture, and a maximum production cost of Is. per lOTO cub. ft. 
The allowable cost is calculated from an assumed 90% thermal 
efficiency in water-gas practice, using an oxygen-enriched blast.®® 
A critical survey of the literature of the subject, and research 
into new methods lead the author to conclude that chemical 
processes are not promising, mainly on account of thermal 
inefficiency. A low-temperature process involving absorption of 
oxygen by hmmoglobin®® was developed, but was foundi to be 
impracticable on the large scale. Physical methods involving 
the processes of liquefaction, followed by fractional distillation, 
sohd adsorption, diffusion, or solubility proved to be more hopeful, 
but none yielded oxygen at a sufficiently low cost: pressure 
fractionation process for 40% oxygbn most nearly approached 
an economic proposition. As a subsidiary issue, the results of 
carbonisatiifn, using air enriched with various amounts pf*oxygen, 
are considered, and it is shown that the efficiency of raisijig the 
calorific value does not coincide with the work done in i^rogen 

“ G.P. 362,074 ; J., 1923, 258a. 

” J. Roy. Soc. Arts, 1923, 71, 172, 189, 208 j J., 1923, 255a. 

’• G. H. GUI, Oas J., 1923,184, 409. 

W. H. Warren, Gas World, 1923, 78, 183. 

•“ Gas J., 1923,162, 273. E.P. 206,367. 

•' J.rAm, 608a ; Gas J., 1921, 158, 806 ; 154, 374. 

“Sist. Chem. Eng., June 8, 1923 ; J., 1923, 716a. 

“ CJ. W. Dyrssen, Gas J., 192.3,188. 940. 

“ Woodall, Duokham, & Jones, Ltd., and J. S Morgan, E.P. 192,944; 

1923,354a. 
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removal ; Uial is, lliere will be a limit beyoml which it will not 
])ay to emieh the air. • 

TJie Fuel Feseareli Board ha.s coiilioiiecf the investigations ,of 
earhoiJsation in vertical retorts with admission of steam.'''’’ Using 
Wigan Arley eoul with a combustion ebamher temjierartire of 
llhO” the heat required to carbonise the coal and remove the 
products at working temj)eratiires was 13'll therms per ton of 
cofd when using 5% by weight of steam, and 18-20 therms whtai 
using 20",', of steam. The following yields were! obtained ]>er 
ton of coal :— (a)- r)% of steam: Gas (002 B.'I'h.lJ. per erdr. ft.) 
e(|uivalent to 80-2 therms ; tar, ].‘!'(12 gjills. ; and ammonium 
.suljihate, 23-t3 lb, (h)—20% of .steam : Gijs (4o7 B.Th I', jiej 
cub. ft.) 01'.‘i therms : tar, 14-73 galls. : and ammonium .sidjihate 
28-7)7 lb. (cf. also ])age 1)8). , 

A number of ])raclic'al papers on the working and lumiing co.sts 
of vertical retorts have been lead during the year, of wkk-h p(-rha]is 
the most interesting is that by W. Buckleywhich, together with 
the dtscussion thereon, .should be studied in the original by those 
interested. TlieNi-ell-kept works' records show the average yield 
figures for a si.v months' jieriod to be 82-1 therms jier ton of foal, 
obtained us°l7,358 cub. ft. of 478 B.Fh.U. gas. with coke available 
for sale 8-1 cwt., tar 10-45 galls., and IO-ot;. liquor 34-05 galls. 

0. PeLscher*’ dirf.iusses the hc-at conditions of carbonisation in 
the Glatz ty])C vertical chamber oven, in which the oven is heated 
alternately from the top and bottom, and etfeetive regenerators 
emjiloyed. 

10. tlrowther'"' analy.ses the heat flow in gas earb-.mi.sation, and 
to improve the thermal oOicieney factor revives the suggestion to 
rcturn‘to the producer some of the wa.ste gases direct from the 
flues, together with a small amount of ])rehcatcd primary air, 
but he does not deal with the mechanical means required to effect 
the suggested procedure, under controlled conditions. 

* * 

f 

OoMrMDTE Carbonisation ; Proditoer and Water Gar. 

A Parker,^" utilising the results of the researclieR on the 
contiitious vertical retort given in the Fourth Beport of the 
Iii.stitRtiop of Ga.s Engineers, and on the manufacture of blue 
water-gas (i6*d“ Sixth Report), and aided by certain proximate 
assumptions, has constructed thermal balance sheets which 
indicate that the single-stage process is unhkely to produce as high 

Fuel Ites-eju'ch Boaitl Tech. Paper No. 8; 1023, ,11 03 a ; e/. Ann, 

1921, 6, AT. 

“ Om J., 11123,162. 404, 414; 164, 319 et seg. 

0’«,s u. Wasfffrjacli. 1923, 68, HO.'l, .ITH ; J., 1923, 1058a. 

*.* Gas World, 1«23, 79, 397. 

1’ J., 1923, 11 It. Gas J., 1923,162, 14. 
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a tlicrmiil clUcipiicy as when complete gasification is oonducted in 
two sta^s. The efiicienoy diffei'once is small, and waste heat 
rjeorery is not nifiishlcred ; hence the eakmhitions arc not 
conclusive. Employing American (R)als, A. W. Warner™ oftncludes 
that economy is best effected by expelling the volatile matter 
from coal at a temperature not exceeding 800° C., and at the same 
time removing the condensable vapours at tem])pratures below 
400'’. 

Fnither patents covering details of the Tally plant have been 
granted.T'lje improvements claimed include the use of a longer 
retort with a shallor^er fuel hod, a rtivision of the gas flow 
*T4icrne, the additioy of a carburettor to permit of the use of oil for 
enrichnnmt, and comjdete gasification of the condensable hydro- 
.carhons. Working results for this ])lant have been giv(m by 
X. S. Smitlr'’'^ anci F. Fawcett.'™ The. method lends itself to the 
produidiou, of a gas rich in hydrogen,■'“* and suitable for a number 
of chemical prooc.sses, but on thermal and other grounds the 
moditication is not applicable to to-wn’s gas practice, even if the 
•carbon motioxide conti'oversy could b(! maint/iinSd. 

A number of patent s for the jrreparation of methane from water- 
.gas hav'c been published. In three of these,'''''’' nickel is* the oatalyst 
employed, and incandescent molybdenum or tungsten in a fourth.^“ 
l'\ F'seher and H. Tropscli-'’’ have expcriraentetl with iron, employ¬ 
ing high pressures. It should be superfluous to state that although 
methane has a high calorific value, yet this reaction involves *, 
large thermal loss—1280 Jl.T'h.U. in the form of carbon monoxide 
and hydrogen becoming 1000 B.Tli.U. in th(^ form of methane. 

Further forms of dual generators, edch retort operating alter¬ 
nately as a i)roduccr atid as a distillation chamber, have been 
described. 

M. W. Traver^and F. W. Clark™ give detailed calculations to 
show that when coal is completely gasified in a generator divided 

« 

Amur. (!as .As.s()c., Oet,., 1923 ; 0,t.t World, 1923, 79. 44 ; ./., 1923, 877a. 

"C. li. Tully, E.V>. 192,743 ; J., 1923, 342a. E.P. 192,880^19.7,798, 
188,494 ; J.,*1923, 45a. 

“ am J., 1922,160, 73G ; J.. 1923, 84a. 

“ Ibid., 1923, 163, 20 ; cf. M., 161, 440, 

“Ann. Repts., 1922, 6 ; E.l'. 195,798 ; J., 1923, 540^, (?/. also 

(!. Olando, Complex rend., 1923, 176, 394 ; J., 1923, 206a.* 

“E.P. 190,023. Cf. Armstrong and Hildil'.h, J., 1923, 482a, 540a*; 
also I‘rue. Roy. S<K., 1923, A103, 2.5. O.P. 362,462 and 306,791 ; J., 1923, 
259a, .592a, 814a. 

"'Meister, Lucius, und Briining, E.P. 186,899 ; J., 1923, 817a. 

Brmnslojf-Ghem., 1923, 4, 193, 199; J., 1923, 813a, 814a; cf. also 
4. ,S. tl.'Thomas, Xoiwrc, 1923, 111, 778. 

'* J. R. Dull, E.P. 191,255 ; J., 1923, 21.5a. 

“E. Berg, E.P. 204,909 ; J., 1923, 1164a. 

« Goad., 1923, 164, 34. 130 ; J.. 1923. 1163a. 
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into an upper carbonisation zone and a lower'water-gas zone, the 
blow gases being withdrawn from a point between the bwo zones, 
the carbonisation of the coal requires ,tw»j to three times the 
quantify of heat available in the water-gas. From this con¬ 
sideration they have put into operation at Aylesbury a system®' 
in which the additional heat required is supjdicd by re-circulating 
the mixed gas (previously partially purified) through the upper 
zolie with the water-gas after passage through a regenerator pre¬ 
viously heated by the blow gases. Secondary air is added to the 
blow gases in the regenerator, so that part of the heat of the fuel 


gasified during the blow is recovered. It is claimed that a yield of 
gas of calorific value .‘171 -5 B.Th.U. per cub. ft., and equivalent tp 
184 therms per ton of coal, is obtained. 


F. T). Marshall and R. W. Easton'"' employ the dual system, by 
which the run gases from the water-gas generator pass up through 
the coal charge in the superposed low-tcm]rerature .retort, tin- 
Uow gases being ignited in the chequerwork flues surrounding the 
retort. The apparatus is of the dual type, in which the supply" of 
coke to the generator is capable of adjustment to the quality of 
gas required, the excess being withdrawn for use for steam raising 
or for .sale d!s a low-temperature fuel containing 7-12% of volatile 
matter. In the vertical retort two specially constructed screws 
are employed which propel the coal in a quiescent state. Com¬ 
parative calculations for capital and working costs are given. 


* The results of an exhaustive enquiry into producer practice in 
British steel works are given by F. Clements.''® The relative merits 
of mechanical and non-mechanical types of plant are examined ; 
details of the cost of gasifjdng 1(K)0 tons of coal per week are given ; 
in the former typo the overall figure is £103 1.5s., as against 
£112 14a. in the latter. Chemical and thermal balance sheets'for 


different depths of fuel arc provided, as is also the result of varying 
the saturation temperature of the blast. Attention is directed to 
the effect‘of tar and dust on £he calorific value of the hot gas, which 
is placed at 10 % over that of the cold clean gas. For high efficiency 
under steelworks) conditions, a high carbon monoxidf content of 
the gas is sought, this yielding a flame of high radiating value, 
thougii mention is made of a furnace design by which more advan¬ 
tage ft taken of the actual contact of the burning gases with the 
.metal. 


Recent developments in gas producers are reviewed by T. R. 
Wollaston and A. L. Booth,*® who describe a now plant consisting of 


“ E.P. 198,777 ; J., 1923, 759a. 

Gas J., 1923,188. 667. 

Iron and Steel J., 1923, 562a ; <•/. also W. B. 

Chapman, Chem. and Met, Kng., 1923, 29, 270. 

200t. 
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a wiiter-bottom type producer, upon which is superposed a mechaiii- 
cally-agi*ated retort in which the fuel undergoes partial coking by 
the sensible heat of (fie gas leaving the producer at a temperature 
averaging 500° C. The coked fuel is then symmetrically distributed 
direct to the producer, which has no refractory lining, and is sur¬ 
rounded by an annular jacket which may serve for steam-raising or 
water-heating. It is claimed that a substantially dust-free gas of 
gross calorific value circa 175 B.Th.TI. per cuh. ft. (45% chm- 
liustibles) is obtained with a nett thermal efficiency of nearly 81%. 
The conditions are such as to give good yields of ammonium 
.sidjihate and of low-temperature tar. In the plant described by 
,W. Jlcswick and N. fi. Rambush,*^ gas of similar quality anil 
by-products in good yield are obtained by passing the gases 
^generated in the. low'or part of the producer through a column of 
descending fuel of such a height that practically complete low- 
t('mpc*atu(e carbonisation of the fuel is effected, with simultaneous 
cooling of the gas, and a long time factor between steam and carbon 
is'attaincd. I’he system involves feeding the fuel through a bell, 
• with its mouth situated at, or slightly below, tjie ffbrmal level of the 
sui^ice of the fuel bod, and the gas off-take springs from this bell. 

The conditions required for the satisfactory gasificatloH of lignite 
in jiroducers arc detailed by C. Engelhard,®® and a suitable producer 
is described, together with a record of the results obtained. 

The investigation of the thermal efficiency of water-gas manu¬ 
facture has received contmued attention. A. Parker has usefully 
summarised the past work of the Gas Investigation Committee of 
the Institution of Gas Engineers.*’ Continuing this work, the 
Committee has studied the effects of vasying fuel bod depths, and 
attempts have been made to determine the relative mdHts of 
water-gas plants when operated on the Dellwik-Fleischer and Lowe- 
Humphreys systems.®’^ The report is replete with a wealth of 
detail, and the pincipal results are summarised in the following 
table:— » * 


Results of 'Comple^. Tests. 

Test. A. B. C. 

D. 

Sixth 

-Full depth in ?t. 

4 

4-25 

• 

5 

* 

6* 

Report. 

7 

Thonnal oflicionciGB, %— 

Fuel for steam included 

41-5 


460 

486 

• 

'46-3 

Fuel for steam not inoludod 

55-0 

51 *9 

67-5 

60-4. 

55-8 

Carbon dioxide in blow gas, ^ 

, 13-0 

16-2 

11-8 ' 

12-1 

12-2 , 

Ratio 00 j/CO .. ,7 

1-18 

2-62 

0*79 

0-88 

0-95 

Carbon dioxide in, water gas, ^ 

> 4-7 

8*2 

5‘5 

4’5 

4-2 

Carbonmonoxideinblow gas, 

, 11-5 

6'2 

160 

13-8 

12 8 

Cos made jior day, c. ft. 

364,400 

307,700 

564,900 

614,400 

564,200 


E.P, 188,607 ; J., 1923, 4Sa ; cj. Oas J., 1923, 161. 141. 

'•2. angew. Ghcm., 1923, 36, 98; J., 1923, 256a ; cf. also A. Faber. iM., 
1923. 38, 336 ; J., 1923, 776a. 

”J., 1923, lllT. 

•’A Inst. Gas. Eng., 1923 ; J., 1923, 755a. 
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'I'hc loss of pok'iiliiil lioat in tlio blow ^as was rocluocd from 20%. 
as noted in the Sixth Report, to ll'5',’o ill Test B, but tlfore were 
inereased losses duo to undecoiuposcd steam,*A,nd the output of tf\e 
plant was deereased. 

(lahadations show that a waste heat boiler would have raised 
the total steam rccpiired except in two cases ; in these two tests 
witii the assistance of a waste heat l)oiler, efficiencies of 52-9 and 
45-3'},', res])ectivcly were obtained. 'I’he same juoblcm has been 
attacked by the Fuel R('seareh Roard"*; by varying the. cycle 
and steam supjily with a 4-ft. bed, an overall effieioney of 02-8% 
was obtained. J. H.nll'’“ has published a full record of working 
results, and of an ellieieney test at the Teni]de VV'oi'ks, Olasgowf 
and has included interesting costs calculatimis; the data given 
by J. S. Thorruan,™ who describes the Kirke wastedicat boiler* 
iustallatiwn newly added to the fllover-West retorts at Stratford, 
should also be carefully examined. With reference to Was6“ heat 
recovery'in general, the preswit writers may perha])s be allowed 
to agree with tin* engineer who remarked that zeal for waste heat 
recovery must not Ke allowed to divert attention from the main' 
]U'incii)le- -the effective use of heat units in the retort seRing 
itself, ' In this connexion, F. Ci'owtlu'r’i suggests using the wnsto 
heat of the blow gi:^ to preheat the blow air instead of waste heat 
recovery in a steam raising unit. F. bteding,’^ working with a 
Pellwik-Fleischer unit, suggests jacketing the generator with a 
steam boiler and superheater in the case of small installations, and 
for larger units superposing on the generator a chequered brick¬ 
work chandjer which stores heat during the blow to be utilised for 
vaporifing water sprayed' from above during the down rim. R. 
Geipert™ has studied, inter alia, the effect of steam current velocity 
on gas production and efficiency, aird also the effect of the make 
period on the latter. ^ 

The u.ae of bilumyious coking coals as water-gas generator 
fuels is discussed and conditions necessary for eflicient ojteration 
are detailed.’’ Attention may also be direided to the following 
pallet's oi generAl interest:—Heat transmission ih coolers,”’^ 
■■ (Ihejpier brickwork,”” ” Mechanical methods for the propulsion 
* 

Kinjjand J. F. Sliuw, Tech. Papvr No. 0, t'ael RcMarch Boardf 
.1023 ; 1023, 608a. 

J., 1023, 161, 200 ; J., 1023, 2Ua. 

'» /Mf/., 1923, 164,577. 

- Gas World, 1923, 79, 397. 

Gati it. ira’i'vrr/ac/i, 1022, 05, 716 ; */., 1023, 133 a. 

ibid., 1022, 65, 441 ; ./., 1023, 390a. • 

Tech. Paper No. 274, U.S. Bur. of Mines ; rf. Jnd. Eug. Chchi., 1923, 
15, 3.M ; J., 1923, 482a. 

B. FToostio, t^., 1923, 443 t. » 

” V. A. Hoiigan and D. H. Edwards, Chem. and Met. Eng., 1923, 29, 800. 
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of giiKi’S,” ii.lso lo'aii cAcellctit, |)ii)HT by 1). Ijiico}’ on ’'The How 
of fills tn jiinesand a new volume entitled “Modem flas 
yrodueers," by N. bl? Uanibiish. 

IjOW-Tempebatueh Carbonisation. 

With the growiiift reco"nition of the limitations of low-temper¬ 
ature earlionising processes there has been a tendency to consider 
their material and economic advantages when worked in con- 
jimetion wil}\ iiresent-day methods of fuel utilisation, and more 
particularly in eonne.xmn with complete carbonisation plants. 

, The tllasgow (Corporation’® after full enquiry has di'cided to erect 
units on the iMaclaurin"® system. In America the Piron and 
^Illingworth processes are slated to he under mvestigation; the 
diiliculties that have arisen dining the development of theCarbocoal 
jirocess in .that cmintry and a description of an improveil form of 
retort, form the subject of a contribution by H. A. Curtis, W. G. 
CHapman, and W. (1. Geldard.®* 

• number of ])atenls for retorts'have beep faiblished, many of 
thiyii covering inodilications in detail of known types.®® T. M. 
Dai idson and K. H. Abbott®® apply eomjiression td the .charge 
while in a idastie state in the low-tem])erature zone (.‘5(K)°-400° Cf.) 
and before it enters, as a coherent annular ifiass surrounding a 
ei'iitral gas and vapour outlet pipe, a zone at a higher temperature 
{(ioO"- 7.5(1°) and a third air-cooled section leading to the discharge 
hopper. In a later patent,the same type of process is conducted 
in a vertical or inclined retort wherein the surfaces or portions of 
the surfaces of the retort in contact with the coal are given a 
reeifiroeatory movement to enable the coal to travel freely doVn the 
retprt and settle compactly. The u])per portion of the retort is 
constnieted of iron, whilst lower down a refractory material is 
emjiloyed. W. EfTrent®® enters a claim for a retort in the form of 
a Herreshofl furnace with hollow iroi^ hearths through frhich the 
heating medium passes. S. U. Illingworth®'’ patents a form of 
plant. for the preliminary treatment described in his jfcvious 
patents. Aftention may also be directed to some of thifprocesses 

" E. E. IJoojicr imd B. B. Waller,]!)23, I80 t. 

■* Inst. (Jdk Eng., 1923 ; oVw WorUl, 1933, 78, 999. 
dns WorUl, 1933, 79. 180. 373. 

^J,, 1917, 1)20; Iron and Coal Trades Ikmtv, 1921, .Tune 20, p. 848, 
and Nov. 11, p. (188. 

" Chem. and Met. Eng., 1923, 28, 11, (>9. 171 ; .7., 1923, 133a, 1911. 

“=E.l*. 174,()()9, 190,819, 192,.'>1.'). 

“E.Pt 195,711,197,712 ; J., 1923,512a. B.P. 20,5,208 ; J., 192.3, 1214a. 
KI‘. 206,178 ; Ahs., 1934, B, 8. 

E.P. 174,336 ; J., 1923, 486a. 

• *• E.P. 206,.542 ; .45s., 1924, B, 45; c/.nlso E.P. 175,8*8, 186,384', 18S,085, 
184,328; J., 1922, 283a. 
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considered under the section on complete carbonisation; the 
Marshall-Easton process ™ for example, readily lends itself to a 
part production of low-temperature fuel., 

The Fuel Research Board®'' has designed and erected at the 
Oreenwich Station a vertical retort for the low-temperature carboni¬ 
sation of briquettes produced by the Sutclifle-Evans system.®® The 
disintegrated mixture of coals is heated to 330° C., briquetted in 
rotary presses, and then charged into the retorts, the open character 
of the charge permitting free transmission of heat throughout the 
mass. The experimental setting consists of four vertical retorts 
(16 ft. high) constructed in .special cast iron and of flattened oval 
shape ; discharge is by means of an ordinary Glover-West extractor 
gear. The top dimensions are 2 ft. 4 in. by 9 in., and the bottom 
2 ft. 9 in. by 1 ft. 3 in. The carbonising temperature employed i'j^ 
(iOO°C.; unfortunately, experimental results are not yet available. 
To obtain data for the design of these special retorts, preliminary 
experiments were conducted in a Glover-West installation,*® a 
mixture of 60% of gas coal with 40% of flame non-oaVing coal being- 
employed to give a^solid product containing C-3-7-2% of volatih 
matter. The temperatures maintained were approximately 85p° C. 
near the itojj of the retort and 700° at the bottom; steaming was 
found to assist the attainment of the maximum temperature, but 
its economic effoc' was not considered. Yield figures for solid, 
liquid, and gaseous products under these conditions are given. 

CoKB AND Coke Ovens. 

There have been but few large extensions of coke oven plants in 
this country during the p'ast five years, and probably the develop¬ 
ment which is attracting most attention is the erection by two firms 
of coke ovens to the full American design to which reference “was 
made in last year’s Report. The 60-oven installation at Consett*® 
is to coipe into operation in the spring of 1924, and a considered 
statement after an extended run showing how far the increased 
capital outlay is justified by increased output -with English coals, 
British labour, and other service charges will be awaited -with 
consjflerahle interest. The capacity of these ovens is 10'5 tons of 
dry 6oal and the carbonising period about 17-5 hours, equivalent to 
14-4 tons per pven per day. Silica ovens of increased dimensions 
' are now contemplated, the length, height, and mean -width being 
40 ft., 11 ft. 8 in., and 16 in. respectively ; the charge is 11-5 tons. 
These ovens are designed to have a carbonising period of 16 hours, 
equivalent to 17-2 tons of coal treated per day. It is worthy of note 

« ffos J., 1923,164,184. 

J., 1922, 196t, 492a j E.P. 171,152 ; J., 1922, 6a. 

•» JtecA. Paper,No. 7, 1923 ; J., 1923, 917a. 

J" Gaa World, 1923, 70, CoUng Sect., 103. 
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that there is said tti be a tendency in America to revert to fireclay 
walls, a »till narrower oven being adopted on the ground that the 
temperature necessary is reduced in greater proportion and the 
more imiform heating yields an improvement in the by-products 
account. 

Many attempts have been made to attain more uniform heating, 
including dilution of the rich fuel gas, tapering the coking chamber 
fof the upper half, and by a change from a division of the heating 
]iillar.s into flues by vertical walls to walls laid at an angle of 30° 
with the centj'c line of the coke oven chamber. Thermal and 
mechanical disadvivntages incidental to those methods have led to 
yie trial of a changejl method of roversuig the heating gases, a unit 
being erected in which the combustion gases travel upwards through 
iho whole of the 36 heating flues of one pillar disposed in groups to 
a long horizontal chamiel level with the top of the coke, pass 
through thtee or four insulated ducts over the top of the oven, and 
then flow downwards into vertical flues in an adjoining pillar.™ 
ThSs method should eliminate unheated seetions due to choking of 
the fireclay nozzles used («/. also L. Wilputte ’?). 

A»brief account of the 10-oven compound regenerative unit** 
erected for the Team By-Product Coke Oven Co. under E.P. 175,31? 
has been given ; it is claimed that the chimney gases leaving the 
battery have an average temperature about 18(r C. 

Heat balances for batteries of coke ovens have been determined^ 
by D. S. Chamberlin and R. W. McGovern,** and by D. W. Wilson, 
H. 0. Forrest, and C. H. Hertz.** Attention is drawn to the heat 
loss by the hot coke, and a number of patents cover the dry cooling 
of coke with utilisation of the heat by means of an inert gaseous 
carrier caused to flow in a cycle through the coke in a cooling 
challibor and through a steam generator ; a thermal efficiency 
of 78% is claimed, from which must be deducted 8% on account of 
steam absorbed by*the circulating fan. R. Diill** moves the coke 
through the heat exchanger on a travelling grate. The production 
of water-gas by coke quenching is referred to in several patents.** 

The physioul properties of metallurgical coke in their bfaring on 
the carbon function in the blast furnace have received further 

” J. Becker, E.l». 171,117. 

E.P. 202.197 : J., 1923, 44a. ‘ 

Iron and Coal Trades Review^ 1923, May, 18 E.P. 175,312- 

•• Cos World, 1923, 78, Coking Sect., 42 j J., 1923, 430a. 

Ind. Eng. Chem., 1923,16, 261 ; J., 1923, 389a. 

Sulzer Freros, E.P. 173,762, 187,567, 192,182 ; J., 1923, 539a, 268a. 

" Gebegkirchener Bergwerks A.-G., E.P. 183,113; J., 1923, 485a; 
</• also Eitner, Cos- u. Wasserfach, 1922, 68, 732. 

“ E.P. 191,235 ; J., 1923, 215a. 

, " 0. Roaenthal, G.P. 369,315. P.v.d. Forst, G.P. 303,186; J., 1923, ' 

4i8A. Suizor Prores, E.P. 173,763 ; J., 1923, 300a. 
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atteiitiou.^"“ i’. R. SutcMe aud E. 0. Evan»'“ claim that the 
employment of coke prepared by their method,and having 
minute cells with thin cell W'alls, would corcentrate the process 
of reduction nearer to the hearth, and that less limestone arid 
lower volume of blast would be rerpiired, with consequent reduction 
in the sensible heat leaving the furnace; also that the increased 
amount of direct reduction would reduce the carbon requirements 
and increase the output of the furnace. The blast furnace expe¬ 
riments of 0. 8t. J. l’<>rrott and S. P. Kiimcy““ do not seem wholly 
to agree with these deductions. 

Methods of measuring the reactivity of coke have been discussed 
by a number of workers. R. V. Wheeler’“* haats a graded sample 
at a definite temperature hi a current of oxygen at 400° C. or of 
carbon dioxide at iMK)° (!. From the oxidation reaction constanti 
the order of combustibility observed was “ activi' charcoal,” wood 
charcoal, gasworks coke, patent fuel (r/. nupra), foimdry coke, 
vfhile from the reduction reaction constant, the patent fuel took 
a prior position, to the gasworks product. F. Fischer and his 
co-workers'"® have auloptcd the carbon dioxide reduction method, 
and have flso detcrmhied the temperature at which the ooke 
commences to reduce carbon dioxide to monoxidt ; in the course 
of their work they confirm the observation that any circumstance 
in manufacture which tends to lessen the surface by covering it 
with the coke I’esidue obtaiiK'd by heating tar decreases the com¬ 
bustibility. These chemists, and also K. Bunte and V. Kblmcl,'"® 
conclude that it is the method rather than the temperature of 
production that mainly determines the charactei of the coke. 
K. Bujite'"’ suggests that during carbonisation the stage 100°-400°C. 
should be jiassed through comparatively rapidly, and the stage 
400°- ti50° comparatively slowly.'"" E'. Heyd, inter alia, discusses'"" 
the effect of the eonqiosition of the inorganic matter present in the 
coal on the combustibihty of the coke ; easily' reducible iron and 
other metallic silicates have a deleterious ellect, while the alkali 
silicates (present in charcoal) are of minor importance. This 

i"" Cj. Ann. Kepts., 1922, 7, 19. 

J. Iron and tilrd InnI., 192:1, 107, 27 ; J-, 192;i. 552 a. 

Cl J., 1922, 19Ut, 492a. 

'“'Ainer. Ihst. Min. and Mot. Ens., 192.1; </. /., 1923, 43 Ca. 

'"'d. Iton and Steel Infft., 1921, 107, 75, 

105 Fisclicr, K. Broiior, ami H. Broclio, Brenneloff.Chem., 1923, 4, 23, 
KiS ; J.. 1923, 2594, 1197.1. 

(to- u. llto.s<-i/ai'A, 1922, 65, 592 ; J., 1923, 132a. 

Jlrrnnsloff-('hem., 1923, 4, 197 ; 1923, (i97A. 

I'f. ti. li. KoMvell, (to IforW, 1923, 78, Coldmj Sect., 48 ; 4bs., 1924, 

13, 4. 

HrennnhJJ-lUnm., 1923, 4, 273 ; J., 1923, 813a, 1009a; ibUl., 1923, 
4 , 3 J 9 ; .16s., 1924, B, 4. 
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opinion is o])pose(i by F. Schreiber”* who rcgiirds the graphite 
foniied by njothane decomposition as the most important factor. 
This author is supported by G. Agdo and F. Kecke,**^ and by 
M. Brociie,^** who suggests that the ash catalytically aceelorates 
gi'aphite formation. 

The forms in whicli sulphur is present in coke is the subject of a 
number of pajjers by A. R. Powell.”* Coke prepared by the usual 
connuercial processes is found to contain, before it is cooled, Ally 
two forms of sulphur—.sulphur in solid solution, and huTous 
sulphide with, smaller quantities of other sulphides. Wlien coke 
cools, even with limited access of air, oxidation of ferrous sulphide, 
Jakes jilaci! with the formation of free suljihur and sulphates. 
When coke is (piencfied the decomposition of the sul])hidc is incom- 
jileto, diU! to the speed with which the tempei’ature is brought 
below' that necessary for oxidation. The frei; suljihur thus pro- 
duei’d US tylsorbed and its removal has jiroved diliiculf. When 
hydrogen is led through red-hot coke the sulphur renioved is 
detived from the ferrous sulphide. ('oke jirejiared in the laboratory 
•lontains, in addition, adsorbed sulphur whiej) atf higher tmnpera- 
tunj; jiasses into solid solution. H'hc relatioiLsliip of these results 
to the blast-furnace reactions is considered, and a methsd for the 
determination of the free sulphur is given. 

The behaviour of suljihur during the gasifflation of coke has 
been studied by 8 . I’evton and J. W. (lobb.”^ who find that the 
suljihur constituent a.ssumed by Pow'ell to be in solid solution coultf 
only be seiiarated by complete gasification of the carbon. High 
I'oncentrations of .steam in the gases leaving the coke promoted 
iiidejiendent decomposition of the .sulpWde sulphur in the early 
stages of gasilication. The whole of the .sulphur removed is in the 
form of hydrogen suljihido or carbon oxysuljihidc, and only 2-3% 
is obtained a,s free sulphur. A. Lissner”® finds that the addition 
of ri-10“{, of mcttfilic iron exerts a beneficial effect on the dcsul- 
phurisation of coke by hydrogen or cliVirine 7 the same ahthor has 
also conducted exjxiriments on the complete removal of sulphur 
from the original coal. 


Ga.s Purification. 

Attention during the year has naturally been qoncenirat'ed on 
the elimination of suljihur and cyanogen compounds. To remove*' 

rtmmsIoff-Vhrm., I92:(, 4, 341 ; 1!)34, B, 4. 

"-Ibid., 1M3, 4, 341 ; .4tis.. 1924, li, 4. 

™Jbid., 1923, 4. 343 ; 2l6»., 1921, B, 4. 

*”./. filler. Chem. 8qc., 1923, 45, 1 ; .'tmer. Inst. Mia. and Mot. Eng., 
I'oli., 19i3 ; Ind. Emj. (dam., 1923,15, 951 ; J., 1923, 214a, 430a, 4.55a, 097a, 

IniifiA. 

. ““Inst. (Jas. Kng., 1923 ; J., 1923, 755a. 

« Sramsto/J-Uhvm., 1923, 4, 305 ; J., 1923, U03a 
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hydrogen sulphide and hydrocyanic acid, the gas is washed with 
an alkali carbonate solution, and the latter is then recovered by 
blowing with, gases containing carbon diosude,'” or by heating 
with st6am accompanied by aeratiorf*®; in the patent covernlg 
the former method it is mentioned that the potassium salt is 
preferable to that of sodium, inasmuch as a more concentrated 
solution may be employed, and the size of the plant can be cor¬ 
respondingly reduced. Details are given by E. H.Bird^'^® of plants 
working such a purification process with capacities up to 12 
million cub. ft. of gas a day ; in the cases cited coal gas was purified, 
obtaining an 89-91 % removal of hydrogen sulphide, with a con¬ 
sumption of 0-062-0'019 lb. of soda ash per 1000 cub. ft. Alter¬ 
natively, a solution containing niokej sulplfete, ammonia, and 
ammonium sulphate may be used, the purifying material beme 
recovered by aeration, if necessary under pressure'®**; hkewis^ 
alkaline iron solutions may be employed containing sufficient 
o.xalic acid to convert the iron present either completely, or for the 
most part, into ferrioxalate.'®' An extension of the Koppers Cd.'s 
patents provides for the recovery of sodium thiosulphate by crys, 
talUsation from the liquor resulting from the main process, after 
concentration.'®® * 

Still other proposed methods for dcsulphurisation are absorption 
by lime at 600°-10&'J° C., with subsequent regeneration of the lime,'®® 
and adsorption by activated charcoal'®' and, indeed, if literature 
MO far published were the sole criterion, activated charcoal would 
promise to be well-nigh the panacea of a gas manufacturer’s ills. 

To recover sulphur from the charcoal, F. Schreiber'®® suggests 
the use of tetralin as a solvent, and E. Kattwinkel'®® shows that the 
same reagent may bo employed in the case of spent oxide; as a 
substitute A. Jaeger'®® recommends the hydrocarbon fraction 
boiling between 200° and 210° C., obtained by distilling a low- 
temperature tar. i. 

Cyanogen compounds may bo removed by treating the gas with 
alkaJfine-earth bicarbonate or carbonate in the presence of hydrogen 

“’T. ?. L. rAit, E.P. 195,061. Koppors Co., E.P. 196,116, 190,117, 
190.U9. 

“^Koppera Co., E.P. 169,996; li.S.P. 1,440,977 ; Oaa World, 1923, 
78, 20. C{f. U.S.P. 1,436,196 ; J., 1923, 46a. 

^ anH Met. Eng., 1923, 29. 16; J., 1923, 810a; cf. also W. S. 

Blauvelt, Qus Age Record, 1923, 52, 334. 

Ges. f. Kohlentechnik, E.P. 186,316; J., 1923, 887a. 

Badische Anilin u. Soda Fabrik, G.P. 368,245; J.,1923, 642a. 

w The Koppors Co., E.P. 200,760. 

>“E. Will, Ohem. Zmtr., 1923, 94, IV., 896 ; Abs., 1924, B, 
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sulphide and ammonia, whereby cyanide is converted into ammo¬ 
nium thibcyanate^®*; copper or ein presence of ammonia forms 
tljc subject of a patoift‘“® for the same purpose (tins' also removes 
hydrogen sulphide). According to another patent,™ leaching spent 
gas-purifying material with solutions of soluble sul])hidcs removes 
both sulphur and cyanogen compounds. A. Delcleve^’’* gives a 
summarised account of the method of cyanogen extraction by 
cohversion into sodium ferrocyanide with sodium carbonate and 
ferrous .sulphate, and thence into Prussian Blue. 

• 

Benzol Reooveiiv from Gas and Bknzo], Befinino. 

• Wash-oil processes for the recovery of benzol from town's gas 
and coke-oven gas are at present in universal practice in this 
«imntry, but increasing attenthm is being paid to the possibilities 
of the us(! of solid adsorbents, the falling price of the product, con¬ 
trolled'to Bomc extent by petrol prices, necessitating attention 
being devoUid to methods that promise a reduction in.worldrig 
costs or an increase in yield of the relined produc^. 

* -Benzol recovery from town's gas is now otdy adopted at a few 
favo»irably eejuipped works, and intercstuig figures relating to the 
present and potential supplies of benzol are given by W.GTAdam 
in his statement of evidence laid before the Ministry of Transport 
Committee on Motor Fuel Taxation. 

A full description of the Langley Park recovery and rectilicatioii 
])lant has been given by S. Westhorix;,*** in which the factors that* 
control the cfliciency of the processes are briefly referred to and 
certain recommendations are made. American gas oil is found to 
yield good working results if the produeft is sold as motor,spirit, 
aivd the presence of a small percentage of paraffins is thus not 
deleterious. Gas oil possesses the advantages of being a good 
naphthalene solvent, and B. Kichardsdn*®^ has described its 
employment for elfminating naphthalene from town’s gas, the used 
oil serving as an enriching agent fon the water-gas installation. 
W. B. Leech and E. Edwards, at Beckton, have developed the use 
of gas oil fof the dual purpose of naphthalene reijioval an<h benzol 
recovery with marked success. K. Bunte,’“'' using coaf tor oils, 

ti. Taplny anil W. L. Galbraith, K.l’. 2()2,0i’4 ; rf. Ann. 

6, l’i3. 

P. von der Foi-at, G.P. 30I,3i4 ; J., 1923, oi)3A. 

Rhein. Ver. Chem. Fabr. A.-G., G.P. 372,327. 

»“ Chim. (it Ind., 1923, 10, 632 ; Abs., 1924, B, 5. CJ. E.P. 181,719 ; 
J., 1923, 268a. 

Gm World, 1923, 78, 604. 

1923, 78, Coking Sect., 35 j J., 1923, 436a. 

Gas J., 1923, 164, 515 ; J., 1923, 152t. Also J. Parker, Gas World, 
1922, 77, 236. 

. '“K. Bunt®, Gos- u. Waaserfach, 1923, 66, 490, 6(W; J., 1923, g64A. 
(./•also K. Bunte and H. Pippig, ibid., 1923, 66, 657 ; Aba., 1924, B, 5.t 
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avoids naphthalene difficulties by adding fresh' oil to the enriched 
liquid, submitting it to a preliminary steam distillation before 
use. The light oil residue after benzol distillation is cooled and 
the fluid fraction returned to the wash oil to reduce “ ageii^.” 
The desirable maximum of naphthalene in the wash oil is placed at 
10 %, the method of Glaser and Metzgerbeing recommended for its 
determination. Other papers dealing with the control of wash oil 
quality have been contributed by B.Geipert,*^® T. Biddulph- 
iSmith,^’“ and II. F.. Wilson.’^® Cantelo’^" discusses the effect of 
temperature on the recovery of volatile solvents from gases. 
F. Raschig claims'’^ to have reduced the exj)enciiture of steam 
to 11 times, and of cooling water to 10 times the amount of tlj.o 
recovered benzol, using tower scrubbers packed with Raschig 
rings, effective heat exchangers, and vacuum distillation of thp 
rich oil with indirect steam as the heatnig medium. This paper 
should be read in (^injunction with a valuable coipmunication 
by F. Plenz, K. Bode, and T. Werner,*“ in which the complete 
thermal' diagrams for a benzol recovery plant are given * 
The theory oFga.s absorption by liquids is the subject of papesti 
by W. G. Whitman,'i«^ M. B. Ronald and C. W. Tyson,“= andR. T. 
Haslam.l'*®' 

H. S. and M. 1). Davis^*’ describe an apparatus for vapour 
pressure measureil.'cnts to be emjiloyed in benzol recovery process 
control. 

'■ Reference was made in the l'i)22 Rejiort to the use of charcoal 
as an adsorbent. Ruling 1923 strong claims have been advanced 
for the silica gel proccss.^^* An article by Rex Furness serves 
as a useful mtroductioiF to the comparison of the oil and solid 
absorbent processes. Comparative figures for the wash oil and 
active carbon processes are also given by Steding.’*” AThe 

'“J., 1921, 002a, 805a. 

“i" Oa«- w. Waasr.rjmh, 1922, 66, ;)94, 111; J., 1923, 821.(, 81.1a. 

1923, 66, 161 ; J., 1923, 303a. 

Oas World, 1923, 78, CoKng Strt., 61; .7., 1923, 698a. Vj. P. Whit- 
taker, -liw., 1921,11, 6. 

’“‘R, E. WilM)n and co-workeiK, htd. Eng. C'liim., 102;)', 15, 801, 947; 
J., 1923, I009a. 

»a Canadian Chem. and Met., 1922, 177, 196. 

Ae 6’^- n. Waaaerfarh, 1922, 65, 6.05 ; J., 1923, 390a. 

usp Plenz* K. Bode, and T. Womcr, Oas- u. Wa«aerfacli,1922, 66, 433, 

• 447 ; J., 1923, 390a. 

Chem. and Met. Eng., 1923, 29, 146; J., 1923, 914a. Cf. also Gas 
World, 1923, 78, Coking Sect., 10. 

““ Trans. Inst. Chem. Eng., 1923 ; J., 1923. 

=•= Ind. Eng. Chem., 1923, 15, 1105 ; J., 1923. 

Eng. Chem., 1923,16, 1075 ; .7., 1923. 

. Cf. W. A. Patrick, E.P. 136,543, 137,284,159,508. 

’ Chem.. and Ind., 1923, 850. 

J* Gas. 11 . Wasscrjnch, 1923, 66, 457 ; J., 1923, 877a. 
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V • 

adsorptive charcoal* process has been developed in Germany by 
the BayersCo., and in America by the Union Carbide Laboratories, 
Inc.; in the first-nam«d country it appears to have Ijeen specially 
applied to the recovery of volatile organic solvents, such as alcohol, 
ether, etc., in various branches of industry. It is claimed that a 
correctly prepared charcoal has a high intrinsic adsorption capacity 
per unit volume, and that it has also a very high selectivity for 
hydrocarbons and hydrocarbon derivatives, the rate of adsorption 
decreasing very slowly in the presence of water. Silica gel, on the 
other hand, is selective for water, but it possesses the following 
advantago.s It is prej)ared by relatively simple processes from 
cjieap raw materials; ft is a hard, glassy substance which can be 
handled with a minimum of loss; it is less readily disintegrated, 
^nd can easily be reactivated by ignition at high temperatures from 
time to time. The last point is of great importance in the recovery 
()f benzol, a process in which the ad.sorbent is gradually poisoned 
by the suspended tar in the gas or by resin-forming unsaturate^ 
hydrocarbons. Adsorptive charcoal is employed in &' static 
process, using deep filters or jmrifier boxes, while t!ie recommended 
method for silica gel consists in blowing the powdered material, 
togeflicr with the gas, through a series of counter-current aijsorbers, 
and rticovering the gel in dust scyrarators of the cyclone tyjjef 
The benzol is reiuovx'd from the charcoal in sifu by superheated 
steam at 250°,'®* and from the gel by y)assing it through an activator 
heated by furnace gases to 150° C. Periodic activation of the gel* 
at 400°-500° 0. is carried out in a horizontal rotating activator 
(sec p. 62). There ajipear to be prospects of both processes being 
tried in this country in the near future. ^ full investigation of the 
sUica gel process has been conducted by E. Williams for the 
Natjonal Benzole Association, but the results have not yet been 
published. 

A paper of intwnse interest has been contributed by N, K. 
Chaney, A. B. Ray, and A. St. John.'®' The authors summarise 
the theories relating to the action of adsorptive charcoal, its 
preparation, and its yrractical usage. Briefly, they postulate for 
their method of jireparation the primary formation of* a stable . 
adsorption complex between the carbon and the residual hydro¬ 
carbons, and the activating ywocess consists in the elimination of 
the latter by means of controlled oxidation, the ‘stages of the. 
process being closely followed, whereby a product of determined * 
optimum density is produced. Carbons are obtained of a higher 
adsorptive capacity than silica gel, but in the practical application 

*“ Cf. !b. Berl and W. Sehwebel, Z, angew. Ohem., 1923, M, 641, 652 j 
J.. 1923, 1210a. 

Eng. Chem., 1923,16,1244. 
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thereof one has to remember that a eirculatftig reagent of a low 
index figure is often of more value than a static mass of material 
possessing a greater jiower of adsoqrtion. v 



>5* CJiem. and Met. Eng., 1923, 29, 354. ^ 

KoUoid-Zeits., 1923,82, 225 ; J„ 1923, 644a. 

C/. also J. Driver and J. B. Firth, Chem. Soc. Tratis.t 1922,121, 2409 
J., J923, 81a, aneV j. B. Firth, J., 1923, 242t. • 
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Gasoline Corporatioli,*^* and by the Bayer Co.'‘- valuable 
bibliography is appended to Ray's paper. 

' ^n ingenious apparAus which admits of continuous adsorption, 
recovery, and reactivation of the charcoal in one unit is patented 
by Meister Lucius, und Briiniiig.''’* The charcoal is carried in a 
hollow rotor, having a series of radial compartments which con¬ 
secutively j)ass through zones connected to rich gas, steam, and 
stri\)])cd gas supplies. 

IC. Bcrl and K. Andress''’’' de.s(Tibe a simple method for deter¬ 
mining absorbing ])ower by measuring the temperature rise in a 
culorimoter on additiojk of a known weight of Ihc ab.sorlxml to 
I# e.c. of benzene. Liiboratory apparatus for the determination of 
condensible hydrocarbons has been described byF. Haber'®" and 
l*y R. Kattwinkel.’® In both cases the condensed vapours are 
recovered by nnsuis of superheated steam. A. Krieggr’®" has 
exarnindd tlx- discrepancies of thi^ method, and engages in polemic 
with R. Kattwinkel.'®" A. L. Davis'®' claims greater accuracy fof 
a pi ocess involving the distillation of the rich (diai;poal with cresol, 
tfte latter being removed from the distillate with caustic soda. 

Some properties of silica gels arc considered in a oonumniication 
by B. Berl and W. X'rban.'®’’ A paper by K. M. Faber and his« 
co-workers'"® demoiustrates the long economic lif^of silica gels when 
employed in removal of pure substances such as water or tenzene 
from air, but does iK)t deal wi h practical cases in which “ poisons ” 
are present. The Bayer Co,'®’ in the manufacture of silica gel 
snbmitsthc hydrosol first formed to pressures up to 350 atmospheres 
to remove a large fraction of the water, and then wash and dry 
at gradually increasing temperatures up to 200° 0. Other.solid 
inorganic adsorbents referred to in the literature arc fuller’s earth'®* 
and Iron hydroxide gel.'®* 

-Another iniportajit use which may l)c considered here is the 
employment of silica gel for the purification of pctrolejim and 

«»U.S.P. 1,4,53,215; J., 1923, lOWU. 

310,092; J., 1921, 204a. 

‘’‘"E.P. 187,223 ; J., 1923, 388a. 

Z. angne. Ckm., 1922, 35. 722 ; J., 1923, I27a. 

Vhem.-Zeil.. 1923,47,82; J., 192,3, 170a. 

Brenrutoff-Ohrm., 1923, 4, 179; 1923, 099a; Chem.-Ze^., 1923, 

47, 882 ; Abs., 1924, B, 8. * 

Chem.-Zeit., 1923, 47, 357 ; J.. 1923, 538a, 

Chem.-Zeit., 1923, 47, 082 ; Abe., 1924, B, (I 

'“/nrf. Eng. Chem., 1923,15, 089 ; J., 1923, 813a. 

■•*2. angew. Chem., 1923, 36, 57 ; J., 1923. 

'** E. H Faber, H. 0. Olson, and W, A, Taylor, CItem. ami Met. Eng., 
1923, 28, 805 ; J., 1923, e04A 

E.P. Appl. 24,495 o£ 1923. 

Ifceda, E.P. 202,795 ; J., 1923, 1011a. 

B. Lambert, E.P. 188,780; J., 1923, 39a. 
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benzol dislillatoH. The reiiioval of fiiilphur compounds from 
petroleum distillates by this process is now an adopted practice on 
the lar|?e. scale, and its application to benzof is under consideration. ' 
A. C. fieldner and 0. W. Jones ™ find that agitation of crude 
benzol, distilling up to 113'’ 0., with 2-5% of its weight of sodium 
hydroxide, followed by i)prcolation through the gel, yields a motor 
fuel free from the gum-fonning substances present in the crude oil, 
together with impro\'ed recovery as compared with the custoiriary 
acid process. The. sulphur content, mainly due to carbon bisul¬ 
phide, is reduced by subsequent careful fractionation. It is to be 
noted that the product would not pass the present accepted speci¬ 
fications as regards cither colour or the acicl test for unsaturatrd 
compounds. 

An interesting paper bearing upon corrosion by motor fuels hrs 
been published by W. R. Ormandy and K. C. Craven,^’* who have 
noted the presence cjf, and determined quantitatively the free 
'sulphur present in various jietrols and benzols. British motor 
benzols, as a geperal rule, were found to be free from this impurity, 
but not so continental samples. In the latter ciuse, the use Of 
highly concentrated sulphuric acid in washing may be a contri¬ 
buting 'factor; and in both cases, imperfect fractionation before ' 
acid treatment,”^ and high temperatures during the washing 
process are the pfobable cause. 


Gas Analy.sis. 

But few matters of outstanding interc.st are to be chronicled in 
the analysis of coal gas. A modified form of Hernjjcl explosion 
piirette designed to eliriiinate leakage is described by K. Tiddy,i” 
a new Bunte pipette by A. Kricger,*’* and an exact gas burette by 
H. J. M. Creighton.*’® An automatic carbon monoxide recorder 
is described by G. B. and H. S. Taylor”®; this instrument depends 
on the, conversion of the monoxide into dioxide, absorption of 
the latter by standard ammonia, and determination of the variation 
of electrical resistance of the resulting solution; an accuracy of 
0'2%‘is claimed. The determination of hydrogen in producer-gas 
haq eafled forth an instrument designed by Siemens u. Halske 
A.Aj.,”’ which depends on the variation in thermal conductivity of 

i'/um. Und Met. Eng., 1923, 29, 643 ; J., 1923, 1068a; r/. also E.!’. 
190,.663 ; J.,1923,174a, and F. G. P. Remfrj',E.P. 205,808 ; ^5».,1924, B, 9. 

J. Ind. Felrol. Tech., 1923, 9, 133 ; J., 1923, 591a. 

“ CJ. P. Dekkor, Chem. Weekhlai}, 1923,20,675 ; J., 1923,11 (ISA. H. D. 
HuUor and S. Langedijk, iMd., 1923» 20) 027 ; Ahs., ]92i, B, 9. 

^^^GasWorki, 1923,70,187. 

1922, 46, 1060; J., 1923, 76a. 

Trane, Nova Scotian Inei. ScL^ 1919-20,16, Ho; J., 1923, 1045a. 

J. Ind, Eng, Chem,, 1922,14,1008; 1923, 70a. 

K. Wilheiin, Fcuenmgstech., 1923, 11, 171 ; J., 1923, 60lA. ^ 
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the ga«, this hc‘iiig*found by the electrical resistance of two wires 
which vMies with temperature. An apparatus for determining 
the moisture contcntkof a water-gas is described by R- Lant.”* 
'rtie principle involved depends on the local reduction in 
pressure caused by a bafBe or constriction in the pipe .through 
which the gas is passing. If two constrictions be used, and 
the water vapour be removed between them, the additional loss 
in* pressure is a measure of the volume of the aqueous vapour. 
It is claimed that the average eiTor is about 1%. A portable 
gaa apparatus of the Orsat type is the subject of a patent 
by D. M. Mac'donald^’* and the determination of carbon dioxide 
in gases of a paper % H. Strade and K. Kling.*®“ A device 
for finding the specific gravity of natural gas is described by 
^T. R. Weymouth, R. P. Anderson, and J. R. Fay,*“ and a 
discussion of the methods used in determining accurately the 
densities of industrial gases is contributed by M. S. Blanchard.*®^ 
A new automatic pressure and temperature corrector for gjs 
vdumes—an improvement for the Beasley recorder—is described 
«by C. H. Beasley.*®® 

R. Kattwinkcl,'®'* in view of the fact that small amounts of 
carbon dioxide are not determined accurately by cuprbui* chloride, 
recommends the use of iodine pentoxide in such oases, the reaction 
proceeding rapidly and q\iantitatively at '110'’-120° C. It is 
necessary first to remove unsaturated hydrocarbons; this ho 
accomplishes by the u.sc of charcoal. A reagent frequently employed 
in practice to aoliievo this end is a solution of bromine, but F. S. 
Binnatt and L. Slater*®® have found that by this method some 
volatile compound is produced which is* not absorbed, and conse¬ 
quently as much as 0-012% of carbon monoxide may be intlicated 
in » gas which Ls really free from it: hence they suggest substituting 
10% fuming sulphuric acid for the bromine solution; normal 
results are thus (Ataincd. 

Sulphur dioxide in flue gases is determined by K. Balthasar *®® 
by passing the gas through 25% caustic soda, acidifying with 
acetic acid, and titrating with iodine. Naphthalbne is determined 
in coal gas*®' by passing the gas through a standard lolu^on of 
picric acid and determining the increase in the electrical resistance 

U* Qas. u. Wmaerfach, 1922, 66, 2.')7, 277 ; 1923, 5!Wa. 

E.P. 201.408. 

^‘0 feuerungaleeh., 1922,11, 13. 

■" 2nd. Eng. Chem., 1923.15, 358 ; J., 1923, 43«a. 

*“ CAem. and Met. Eng., 1923, 89, 399. 

‘".2„ 1923, 457t. 

*** Brennatoff-Chem., 1923, 4. 104; J., 1923, 389a. 

Fml, 1922,1, 241 ; J., 1923, 133a. 

Ohem.-Zeil., 1923, 4 , 225 ; J., 1923, 39U. 

>‘'H. Fulweiler, U.S.P. 1,443,330; J., 1923, 259a. 
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of the rcsultihj? solution; ethylene is deternFlncd'®* hy treating 
the ga.s with 87% .sulphuric aoid (which absorbs only highej; olefines) 
and RiibiSequently ai)plying the bromine waiter method. In con¬ 
nexion with ethylene absorption, W. Traube and R. Justh*'^* 
point out that a mixture of chlorosulphonic acid and sulphuric acid 
is as efficacious as is fumhig sulphuric acid for analytical purpo.ses, 
whilst commercially it has the advantage of more readily yielding 
derivatives of ethylene of technical value. 

J. W. Whitakerdirects attention to the fact that in deter¬ 
mining methane in mine airs by slowly burning it in contact with 
a heated platinum sjiiral, the latter must be raised to a white heat, 
and the gas exposed to the action of it for .‘t 4 minutes ; otherwi.s^i 
the mcthaiK! is not completely oxidised. 

Qualitative tests for di.scovering the jiresence of small amountqj 
of hydrocyanic acid by juerate, guaiacuni, and phenolphttudein are 
given by S. H. Katz and K. S. Longfellow.' 

'Some notes by J. W. Wood on ga.s calorimeters and other instru¬ 
ments used in gas works will be found at the end of this report." 

t 

, OoRitosroN. <• 

The corrosion of iron rnaterials employed in gas engineering 
has again occasioned a number of contributions. H. E. Williams’® 
maintains that the internal corro.sion of jiijK's i.s caused chiefly by 
the coincident action of carbon dioxide, moi,sture, and air ; ho 
considers that thus is accelerated by the removal of the condensate 
of tarry matter and heavy hydrocarbons in the pipes consequent 
on the decrease in the illuminative jxnver of the gas ; and that 
any hydrocyanic acid is innocuous, and not germane to the cor¬ 
ro.sion, tluaigh it is secondarily abai>rbed by the iron oxides. „On 
the other hand, H. O.Colman’® maintains that the part played by 
traces of ammonia and hydrocyanic acid iiroduolng a porous layer 
of ferroejanides is of importance : he is of opinion that the.se 
gases in conjunction accelerate the rate, and particularly the 
initial jtage of corrosion—the bulk of which is effected by the 
carbon dioxide and oxygen in the gas. B. Richardson’®^ considers 
this jfhase of the hydrocyanic aoid problem is but secondary. In 

18B H.^Xropsuli ond A. von Philijqiovich, Bromslojf-Ckcm., 1923, 4, 147 ; 
J., 1923, ."OlA. 

1923, 4, loO; J., 1923, .791a. 

Ji'iiel. 1923, 2. 202 ; J.. 1923, (i98A. 

J. Inil. Hyri; 1923, 5 , 97 ; 1923, 8 . 7 . 3 a . 

J., 1923, 162, 725 ; J., 1923, «99a ; cf. also B. Kiclmrdaon. 
OffsJ., 1923,164, .715. '• 

Gas J., 1923, 16.2, 794 ; J., 1923, 75Ca. See also Taplay, Gas World, 
1923, 78, 490. 

Was World, 1923, 78, 492, 408. 
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this connexion ifmAy be pointed out that U. R. Evans**®^ shows that 
if free accjpss of air to tlie metal be prevented, corrosion is limited to 
a small area, which U then rajhdly attacked, thus explaining the 
r.4pid corrosion in “ pits ” and areas covered by porous oorrosion 
products, and .T. H. G.Monypenny'*® demonafratca that ammonium 
chloride solutions exert a staining and pitting action even on 
" stainless ” steel. 

Bertelsmann*®’ enumerates the desiderata for the media in which 
])ipe.s should be laid — porous soil, a chaimelling of sand, freedom 
from acid water, and absence of stray electric currents; ho 
further recomihends a neutral oil as an efficient proleetion for the 
metal parts of a gas )iif ter, and suggests that the only real remedy 
for internal corrosioii of gas pipes i.s adequate purification of the 
gas—a suggestion emphatically endorsed by B. Richardson 
*/or. dl.). 

B. l^schokke,'®® in vi(nv of the known protective action of 
chromates, recommends that iron structures be coated with an 
emulsion of grease and a solution of an alkali chromate ; also 
Jhat the metal in reinforced concrete be covered with a layer of 
coiicrete containing a soluble chromate, whilst R. J. Milboume*** 
sti'ongly urges the construction of ga.sholdcrs of wrovgl^ iron in 
]ilace of mild steel on account of the less corrosion experienced by 
the former. ,, 

Articles dealing with the gas-works application of the. more 
jiopular anti-corrosive paints have been contributed by J. G, 
Bearn*®®' and H. Ohaloner,®®" and attention may be directed to a 
new volume on “ The causes and prevention of corrosion,” by 
A. Pollitt (Berm Bros.). 

Ammonia .and Ammonium Sulphate. 

«■ 

The possibilities of increasing the yield of ammonia in the 
carbonisation of ctal have received further attention. R. A. Mott 
and H. J. Hodsman®®* have given their experimental results to 
show’ the effect of contact materials, and of the nature of the 
atmo.sphere on the dissociation of ammonia. _ Water .vapour 
exorcised an inhibiting effect; a small pro])ortion of oxygen 
produced a similar result, possibly due to preferential unionVwith 
hydrogen to produce W'ater va|)our. In hydrogen the decomposition 

i * 

*»'Inst. Metals, Sept.. 1923; Tmm. Farmh'i .SV., 1923, 19, 201; J.,‘ 
1923, 458a, 983a. 

Faraday Soc., Aj)ril, 1923 ; 1923, 457a. 

(las- u. WasscrJcKh, 1922, 65, 080 ; J., 1923, 133a. 

*"« Rev. MH., 1923, 20, 105. 

GaiM'orhl, 1923, 78. 44.5. 

Ibid., 1923, 78. 200. 

^Ibid., 1923, 78. 139. 

J., 1923, 4, 26, 29t 
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was less than in coal gas, but was increased oy nitrogen. R. A. 
Mott®'' from a consideration of earlier work of the Leeds group 
HUgge.stH previous removal of fcrruginou,s ashf and rebuilding of old 
oven wtdla, thereby minimising catalytic decomposition, coupled 
with steaming during the 22nd to 20th hours of the coking period, 
a period during which ammonia evolution is greatest and thermal 
decomposition high. 0. E. Foxwell®'^ criticises the financial 
aspect of the proposition. 

High yields of ammonium sulphate have been obtained from 
the vertical retorts at the Coatbridge Gas Works under the rela¬ 
tively low carbonising temperatures possible with Scottish coals, 
and the beneficial effect of the fairly heavy steaming employed i^ 
demonstrated by G. Braidwood.^'*'’ The passage of blue water-gas 
into the base of the retort was shown to be of no assistance under 
the conditions cited. H. E. Krau 2*’“ reports increased yields of 
ammonid by steaming in horizontal retorts with simultaneous 
production of water-gas, likewise by cooling the free space in the 
retort by introducing water-gas during distillation, while 'N. 
Christmaim®" (Quotes the results of further experiments on ths 
influence of alkaline-earth carbonates on the gasification of fixed 
nitrogen.’n 'coke with steam and air. In continuation of the work 
hf A. C. Monkhouse and J. W. Cobb,®** S. Pexton and J. W.Cobb 
have further studisd the action of steam in liberathig nitrogen and 
sulphur from cokes prepared m different ways and conclude, inlet 
talia, that the proportion of nitrogen recovered as ammonia is 
depeudentonthe concentration of undecomposed steam in the exit 
gases and on the temperature of gasification. It is shown that 
considerable nitrogen is (recoverable as ammonia from soft and 
mediuin cokes without gasification of the corresponding percentage 
of free carbon, but not from very hard cokes. Present-day jgas- 
works practice for ammonia recovery is reviewed by E. Plenz 
and recommendations are made for efficient plant control. 

The pioduction of neutral ammonium sulphate in this country 
has reached 70% of the total manufacture ; a number of patents 
coveritjg new procesfies or plant have been published, but they 
involve no new'principles. The contributions on this subject in 

003 World, 1923, 78, CoHng Aw., 21. 

2“ Am. Septs., 1922 ; J., 1923, 4t. 

=»< Om WorM, 1923, 78, Coking Sea., 22, 47. 

• (1. llruiilwood. Oas World, 1923, 78, 037 ; J., 1923, 753.^. 

Gas- ti. Wasserfach, 1922, 68, 532; J., 1923, 132a ; cf. Om J., 1921. 
163, 804, and other oarlior work. 

» Gas- It. ir««OTr/or/i, 1923, 86, 249 ; J., 1923, 590a. 

•"« Gas J., 1922,158, 828 ; J., 1922, 532a. 

“• Ibid., 1923,163, lOO ; J., 1923, 765a. * 

Gets- V. Wasserjach, 1923, 86, 97 ■, J,, 1923, 299a. 

British Sulphate oj Ammonia Federation Report, 1923 ; CItem. and Ind., 
1923 [cf. Cliim. el 'Ind., 1923, 9, 183, for the Elreneh flgurea]. 
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tliu columns of tie Otti WvrM uml Chciniatl Age. for l’’cbi'uui'v, 
Murch, *'Ucl April arc. of interest to the small maiinfacturcr. 

I The Chief ln.s])(;ct^r of Alkali Worksdraws atteiitioii lo the 
lack of scientific control prevailing in many ammonium' sulphate 
works, thus leading to reduced economy of working and accentuat¬ 
ing the difficulty of disposing of spent liquor. Interesting data 
relative to lime use and volume of effluent liquors are quoted. A 
paper by P. Parrish^'’ provides a sound basis for the investi¬ 
gation of plant conditions, and subsequent attainment of good 
results. . 

, A method of removing ])henois and similar substances from 
spent liquor by means of furnace gases'“'^ is stated to have yielded 
^improved results, analyses indicating a volatilisation of 71% of 
the phenols with a reduction of 42% in the oxygen absorption 
figure^ The method gives no definite reduction of the thiocyanate 
and thiosulphate present, but the employment of tw’o gassing 
tbwers in series to effect substantial removal of the phenols, 
t followed by the action of bacteria on .specially prepared filter 
beds, promises greater suecess in the reduction of the oxj'gen 
absoiqJtion figure.^'* « , 

A number of methods for the recovery or utilisation of ammonia 
from coal gas without ))rior manufacture of sulphuric acid have 
been examined. In a process developed in connexion with a 
synthetic ammonia plant, a mixture of ammonia, sulphur dioxide, 
and oxygen is passed through a tower against a descending spray 
of water or ammonium sidphatc solution.^** C. Still washes 
coal gas with strong sodium chloricte solution, and treats the 
liquor leaving the washer «dth carbon dioxide in excess to produce 
setdium bicarbonate .and ammonium chloride. E. L. Pease 
produces a compound fertiliser by employing as the ammonia- 
extracting matAial in a trough fitted with a rotating worm a 
prepared base obtained by heating peat with a dilute'solution of 
crude phosphoric acid and potassium sulphate (the ammonia in 
the gas being recovered as a phosphate). The pi;oof of theseconomy 
of this process will bo aw’aited with interest. A generdl survey of 
the direct use of ammoniacal liquor for fertilising purposes has 
been published.^** 


('/. J., 1922, 317k ; Qaa J., 1922,159, 213. 

J., 1922, 229ts Proc. Chem. Eng. Group, 4. 

“Mnn. Repls., 1922, 7, 172 et aeq. Abo G.V. 362,378, 370,161. 
Elektrizitatswork Lonza A.-G. and H. Danneel, G.P. 369,888; J., 
1923. 4^a. 

G.P. 371,702. CJ. tJ.S.P. 1,384,U1 ; J., 1921, 623a. 

“’Gtoa World, 1923, 79, CoUng Sect., 80. Seo also E.P. .191,415. 
“•(7 m. M, 1923, 88, 25, ' » . 
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Mott®'' from a consideration of earlier work of the Leeds group 
HUgge.stH previous removal of fcrruginou,s ashf and rebuilding of old 
oven wtdla, thereby minimising catalytic decomposition, coupled 
with steaming during the 22nd to 20th hours of the coking period, 
a period during which ammonia evolution is greatest and thermal 
decomposition high. 0. E. Foxwell®'^ criticises the financial 
aspect of the proposition. 

High yields of ammonium sulphate have been obtained from 
the vertical retorts at the Coatbridge Gas Works under the rela¬ 
tively low carbonising temperatures possible with Scottish coals, 
and the beneficial effect of the fairly heavy steaming employed i^ 
demonstrated by G. Braidwood.^'*'’ The passage of blue water-gas 
into the base of the retort was shown to be of no assistance under 
the conditions cited. H. E. Krau 2*’“ reports increased yields of 
ammonid by steaming in horizontal retorts with simultaneous 
production of water-gas, likewise by cooling the free space in the 
retort by introducing water-gas during distillation, while 'N. 
Christmaim®" (Quotes the results of further experiments on ths 
influence of alkaline-earth carbonates on the gasification of fixed 
nitrogen.’n 'coke with steam and air. In continuation of the work 
hf A. C. Monkhouse and J. W. Cobb,®** S. Pexton and J. W.Cobb 
have further studisd the action of steam in liberathig nitrogen and 
sulphur from cokes prepared m different ways and conclude, inlet 
talia, that the proportion of nitrogen recovered as ammonia is 
depeudentonthe concentration of undecomposed steam in the exit 
gases and on the temperature of gasification. It is shown that 
considerable nitrogen is (recoverable as ammonia from soft and 
mediuin cokes without gasification of the corresponding percentage 
of free carbon, but not from very hard cokes. Present-day jgas- 
works practice for ammonia recovery is reviewed by E. Plenz 
and recommendations are made for efficient plant control. 

The pioduction of neutral ammonium sulphate in this country 
has reached 70% of the total manufacture ; a number of patents 
coveritjg new procesfies or plant have been published, but they 
involve no new'principles. The contributions on this subject in 

003 World, 1923, 78, CoHng Aw., 21. 

2“ Am. Septs., 1922 ; J., 1923, 4t. 

=»< Om WorM, 1923, 78, Coking Sea., 22, 47. 

• (1. llruiilwood. Oas World, 1923, 78, 037 ; J., 1923, 753.^. 

Gas- ti. Wasserfach, 1922, 68, 532; J., 1923, 132a ; cf. Om J., 1921. 
163, 804, and other oarlior work. 

» Gas- It. ir««OTr/or/i, 1923, 86, 249 ; J., 1923, 590a. 

•"« Gas J., 1922,158, 828 ; J., 1922, 532a. 

“• Ibid., 1923,163, lOO ; J., 1923, 765a. * 

Gets- V. Wasserjach, 1923, 86, 97 ■, J,, 1923, 299a. 

British Sulphate oj Ammonia Federation Report, 1923 ; CItem. and Ind., 
1923 [cf. Cliim. el 'Ind., 1923, 9, 183, for the Elreneh flgurea]. 
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and A. WchideP^ suggests the following eoneomitant reaetions 
for the processes that occur during low-temperature tar distilla¬ 
tion ;—Splitting-off hf side chains, dehydrogenation of unstable 
.sulphur conipound.s, decom])o.sition of carboxyl groups' dcpoly- 
inerisation, and hydrolysis. The distillation of tars in a current of 
hydi'ogcn and in presence of a contact substance is dcsciibed by 
K. Frank,2^* and hydrogenation under pressure in presence of tin 
by M. Melartiid.®^ (Vacking of a low-temperature tar for con¬ 
version into permanent gas is the subject of a patent by A. Aieher.®*® 

The hydroc;arbon.s ]iresent in these tars are described by 
F. Schiitz, W. Jluscbmann, and It. Wissebach,^^'' F. Schiitz,^’'’ 
«F. Fischer(who-finds optically active hydrocarbons present), 
.F. Seidenschnur,"” -1. Marcusson and M. Picard,and R. Weiss- 
•gerber and E. Moehrle.'-^*’' 

Arnold maintains that iodine value is unsatisfactory as a 
criterion of these tars, and recommends, as the only possibility, 
tlv! determination of aromatic and unsaturated hydrocarbons 
,with dimethyl suljfiiate, and the unsaturated hydrocarbons alone 
by the mercury acetate method of Engler and Tauss,^" On the 
other hand, -J. -T. Morgan and R. P. -Sonlc^^^ state that the iodine 
value Ls satisfactory, and also find that a good sc])aration of the 
hydrocarbon distillate is obtained by boiling under reduced pressure 
w'ith three-fifths of its own volume, of liquid sul])hur dioxide. By 
this means aromatic and cyclic unsaturated hydrocarbons ara 
dksohs'd. H. Schrader and C. Zerbc'““ describe a method of 
sc])arating hydrocarbons by treating with successive amounts (10% 
by weight) of picric acid and collecting the successive crops of 
crystals formed after cooling. » 


Xhe nature of the phenols present in these tars is dealt with by 
F. Schiitz and his collaborators —the higher the tempcratui’e of 
carbonisation, tin# more is the production of phenol favoured at 


BremisloJJ-VImn., 1923, 4, 321 ; J., 1923, IIGSa. 

“ Petroleum, 1923,19, 908; J., 1923, 1014a. 

“E.P. 171,387 ; J.. 1923, 218a. 

“ G.P. 362,40.5; J., 1923, 259a. 

1923, 56, 809 ; J., 1923, 488a. 

UreumlojJ-Chem., 1923, 4, 84 ; J., 1923, 343a, 

=« her., 1923, 56, 1791 ; J., 1923, 820a. 

G.P. 369,883; J., 1923, 762a. 

umjeu!. Clum., 1923, 36, 253 ; J., 1923, 59Ga. 
Bremvitoff-Vlum., 1923, 4, 81 ; J., 1923, 343a, 

angew. Ghem., 1923, 86, 266, 545 ; J., 1923, 596a, 1215a. 
>“ J., ;918, 554a ; 1919, 4a. 

=“ Ind. Eng. Chem., 1923, 15, 587, 693 ; J., 1923, 706a, 820a. 
Brmnetgff-CItem., 1922, 8, 372 ; J., 1923, 87a. 


““ Brennstoff-Chem., 1923, 4, 85 
lli9A. 


Ber., 1923, 58, 1967 ; J., 1923, J44a, 
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the expense of its homologues. R. Avenariulj®^^ describes the 
carboxylic acids present, and identifies the phenols by their con¬ 
version into the correspondmg carbaniic and allophanic esters; and 
F. Hoffrfiann and M. Heyn have isolated the solid phenols (a 
rotary retort seems to give but small amounts of these ; probably 
local suix'rheating is the cause). 

Alkaline extraction of i he emde tar for determination of phenols 
is discussed by P. K. Breucr and H. Broche,*^’ who claim an 
accuracy of 1% (on the original tar) for the procedure they 
adopt. The same subject is elucidated by F. Greenbaura,^** who 
shows that the optimum concentration of, alkali for a distillate 
extraction is a lo'y), solution, and also quotes figures showing that 
50% of the theoretical quantity of a 15% soda solution will recover 
06% of the phenols removed by the full amount of alkali; whilst, 
75% of the requisite alkali will remove over (10% of the phenols. 

Extraction with superheated steam has also been exijerii'uented 
with : that at 225“ dissolves the lower-boiling idicnols almpst 
completely ; at higher temperatures the heavier phenols are 
also appreciably soluble.^**'' It has been suggested ““ to use the' 
water from, these extractions as a photographic devclojxjr. An 
interesting observation is quoted by F. Fischer and C. Zerbe,*“ 
that cresols and phenols are satisfactorily reduced to the corres¬ 
ponding hydrocarbons, without deposition of carbon, by the action 
/)f hydrogen in presence of small amounts of iron sulphide, or by a 
feeble current of hydrogen sulphide in presence of heated semi- 
coke, previously heated to redness in presence of hydrogen sulphide. 

Two obseiTcrs““ have .obtained ketones in distinct quantities in 
these tars,though Fischer ““notes that such results have not been 
confirmed in manufacturing practice by other workers. 

The basic constituents of these, tars are described by a number 
of investigators : a “ Louise ” tar containcdi, pyridine, but a 
“ Grefarth ’ tar contained none““* (both these coals are from the 
Cologne neighbourhood); fhe significance of this difference is 
rmcertg'n. Various pyridines and quinolines have also been 

21* Z. angcu’. CIkiii., 1»2:1, 36, 1«.<; J., 1923, 394a. 

Brmnatoff-C’hem., 1923, 4, 209, 273 ; J., 1923, 820a, 1009a. 

’■« mi; 1923, 4, 122 ; J., 1923, 489a. 

= Oeskrr. (^nn.-ZeU., 1923, 28, 147 ; J., 1923, U68a. 

mop pisfi,,,,. Jiieger, Ihrinmioff-Chem; 1923, 4, 241 ; J., 1923, 

920a. 

200 p. piycliL'r, IlrfimMoJf-Ctieni; 1923, 4, 223 ; J., 1923, 880a. 

2“ F. Fischer, H. Schrader, and A. Jaeger, Dmmstoff-CImn,, 1923, 4, 
242 ; J; 1923, 920a ; cf. G.f. 374,00.7. ^ 

Brennttoff-Chmi; 1923, 4, 309 1923, 11C8a; cf. J., 1922, 891a. 

2“ B. Weissgerber, linttnetoff Chcm., 1923, 4, .'ll ; Schiit*, ibid., 1923, 4, 
84 J 1923, 201a, 343a. 

2 S»E. Fromm and H. Eckard, Her., 1923, 56, 948 ; J., 1923, 488a. , 
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isolated.®*^' X (f. Morgan and R. P. Soule^^® record the fact 
that secondary bases invariably appear to be present in these low- 
temperature tars. 'Kio authors also give a critical review of 
tffo methods available for the analysis of the various gfoups of 
compounds present. 

Lastly, A. Jaeger“’’shows that the darkeuuig of the phenol-free 
distillate from a low-temperature tar would seem to be due to the 
oxidation of certain basic compounds present—an action which 
light accelerates. It will be interesting later to know whether the 
bases responsible for this phenomenon have a pyridine structure or 
belong to a p-thiazine type of compound. 

Tab : Tab Products. 

Successful lesults on large-scale operations arc reported for 
types 6f plant patented during the past few years. Two dehy¬ 
dration units to the design of S. Wikner,^^* in which the water con¬ 
tained in the tar is vaporised by means of coils heated by dry 
Steam and by the vapours driven off by the steam coil, have been 
operated in conjunction with Hird distillation plant^, increasing 
the distillation capacity 60%, with smoother working when the 
tar has a high water content. J. L. Major^^'® has effected further 
improvements in the design of his still, in which the feed liquid is 
heated under pressure in pipes passing through the body of hot, 
liquid in the still before being discharged against a horizontal 
heated plate in the vapour space. A similar method is adopted by 
E. Schncll for treating watery lignite producer tars.®®® A number 
of units on the molten metal bath principle have been ejected, 
and the results obtained at Glastonbury®** producing refined tar 
anihlight oils arc stated to be highly satisfactory. For dehydration, 
the method is attractive, regularity and flexibihty of operation 
being obtained with the minimum of supervision, coking troubles 
arc avoided, and the plant lends itself to economic working on a 
relatively small scale. Complete distillation units operating under 
the same principle are being erected in this country and in Jfenerica, 
and an account of the results is awaited with interest.®*®'®*® 
Messrs. Burt, Boulton, and Haywood have converted their' pot 

W. Collmer, Brmiuitoff-CImu., 1923, 4, 1. 19 ; 1923, 13'a. 

Iml. Emj. Chan., 1923,16, 587 ; J., 1923, IOOa. 

Brennatoff-Oliem.. 1923, 4, 257 ; J., 1923, 967a. 

E.P. 196,399; J., 1923, 597a ; </. also 0. Still, E.P. 200,651: J., 
1923,880a. 

“•E.P, 114,353, 203,743; 7., 1918, 261a ; 1923, 11 Ua. 

G.P. 354,214 : J., 1923, 138a. 

Gas J., 1923,164,255. 

. E.P. 184,624 ; J., 1923, 803a. 

• Soo E.P. 207,360. 
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stills to a continuous system, the inter-still connexion which 
prevents siphoning being described in the covering patent.®®* 

An interesting description of the Rasehig process has been pro¬ 
vided by H. A. IVagcr.®"® The sy.stem i.s continuous in operation, 
^ the tar, preheated by the hot pittdi, being further heated in the first 
two stills by indirect steam, and in the third still by superheated 
water. The second and third stills are maintained mider vacuum. 

The Wilton Co. has continued the inve.stigalion of the possi¬ 
bilities of the combined distillation and cracking of tar, particularly 
that from vertical retorts.®®® Apparently with a view of mini¬ 
mising the difficulties due to coking in the second coil heated to 
the higher temperature, they imjiart a sphal motion to the fluid 
by means of a continuous internal spiral fin, thus increasing the 
scouring action and improving the heat interchange.®®® To ifacili- 
tatc repiacement of the pipes in the crackhig .section the coils are 
placed side by side instead of concentrically.®®® 

The dehydration of lignite producer tars is di.scu.4sed in two 
paj)ers,®®“ and the jweeautions necessary to prevent the formation 
of j)orsistont emulsions of water and tar on water-giis i)lants are 
enunciated by W. W. Odell,®’” together with methods of lireaking 
the (miulsion when formed. A centrifugal machine by Messrs. 
Broadbents has jiielded satisfactory result.s with horizontal and 
vertical tars, reducing the watcreonteni to21% w'ithaflOO-gallon per 
' hour feed and a consumption of 0 h.p., but the machine ha.s yet to 
be proved in operation with water-gas tars. 

Aluminium oleate®” has been used Kucces.sfully where corro.sion 
of a still was caused by a tarry emulsion of an acid character. 

Tnr 1‘rodiKlx. 

Less than of the main roads of this country present the con¬ 
ditions itecessary for rendering fish poisonhig due to drainage from 
tarred roads a pertinent question, and hence the Ministry of 
Transport, in framing new specifications for road tar, has not found 

C 

»i. China, and Burt, Boulton, and hfaywood, K.l*. I88,r>75 ; J., 

48a. 

GgiS World, 1»23. 79, 118 ; J., 1923. 920a. 

, SCO cy. W. 'a. Walrasloy, J., 1922, 29Gt. E.P. 127,700 ; J., 1010, 529a. 

E.P. 201,200 ; J., 192;{, 915a. 

““•T. O. Wilton, and Wilton Chom. Eng. Co., Ltd., li.P. 200,933; J., 
1923, 920a. 

®‘*E. Schnell, Z. angea. CItem., 1923, 36, 254; J., 1923, 596a ; H. 
Tropsch, ibid., 86, 277 ; J., 1923, 646a. i 

U.S. Bureau of Minea Tech. Paper 304 ; J., 1922, 3G3a ; cf. also 
H. A. GUI, E.P. 195,876. 

0916 Annual Repi. B.M. Alkali Inspectors ; Cheni. and Ind., 1923, 
1025. I 
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it necessary unduly to lower the maximum permissible phenol 
content nor to institute testa for bases. The importance of oon- 
sijtency is recognised,%nd the desirable limits of this-physical pro¬ 
perty for the surface treating and macadam qualities is defined in 
terms of the Hutchinson instrument, and the limiting content aM 
method of determination of naphthalene are placed on a quantP 
tativc basis.^’*' A useful pai)er by 1). C. Broome discusses the 
quantitative effect on consistency of temperature and of varying 
additions of bitumen and mineral fillei'.^’^ The surface dressuig of 
macadam and.concrctc surfaces with emulsions of antliracene oil, 
tar, or bitumen and water is stated to have given good results, and 
(ilie method of ])repaj-mg the emulsion is given by J. A. Vielle.™ 

The determination of the visoo.sity of tar liy means of the 
gtormer instrument is described by W. 0. Huff, and an equation 
for viscosity-temperature curves is given.^’* It was not found 
possible to correlate the vi.scosity of tars with their chemical 
characteristics ; this was only to bo anticipated in view of the 
nuhiber of constituents of different chemical classifications found 
ki tar.s prejiaied under the numerous modeni variations of car¬ 
bonising methods. Literature frequently quotes the isolation of a 
’ compound from tar without defining the origin and nUtufe of the 
raw material, and one therefore welcomes the publication of the 
paper by J. M. Weiss and C. R. Downs,in \fhioh the isolation, 
and, hi many instances, quantitative determination of a considerable 
number of constituents of a coko-ovon tar are given. R. L. Brown* 
.and R. D. Howard''"® have identified and determined the percentage 
Ilf indenc and styrene in two samples of water-gas tar. 

An ingenious cooler tray for pitch is* described by C. Still.^ 
The desirable properties of pitches for a number of industrial 
purposes have also been given 

Careful work on the vapour pressures and latent heats of naph¬ 
thalene, anthracene, phenanthrene, and carbazole has been pub¬ 
lished by C. F. Sonsoman and 0. A. Nelson,®’® who show inci¬ 
dentally that the boiling point of car^azole is 354'76° C. and not 
.“lol-fi", as quoted in the literature. The preparation of a,sample 
of pure naphthalene exhibiting the property of double refractivity 
is the subject of a note by W. Kirby®*® ; the specific gravfly at 

“’i-' Mlnislrtf of Transport “ General Directions and Speciftcati&i}^ Relating 
to Tar Treatment of Roads." 

J., 1923, 192t. 

”>E.P. 196,950 : J., 1923, 643a. 

Ind. Eng. Ghem., 1923,15, 1026 ; J., 1923, 11 67a. 

1923, 16, 1022 ; J., 1923, 1167a. 

192.3,15, 1147; Abs., 1924, B, 48. 

E.P. 200,460 I J., 1923, 82U. 

B. I^mpe, J., 1923, 569a, 1193a. 

. Eng. Ghe.m., 1923,15, 382, 621 ; J., 1923, 543a, 706a. 

1923, 58t. 
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l-'i'/ir)" \vaK 1-185, and tho crystallising and Witii:^ points 80-2° 
ami 80-7° (1., respectively. The known method of removing carb- 
azolc from crude anthracene by means of Ks allcali salt is varied 
by H. D. (jibbs,®®* who heats the press cake with alkali to convert 
the carbazole into an alkali salt, and then further heats to sublime 
tho anthracene fractionally. Data relating to the solubility of 
phenanthrene in various organic solvents have been contributed by 
H; Henstock.®*® 

Although the property of vertical-retort tar oils and phenols 
of giving pink or purple coloured emulsions or solutions has been 
investigated in a number of works" laboratories, very little infor¬ 
mation has been communicated to the scientific journals. G. 
(hirrey,®*® led to investigate the matter by colour formation inthe 
spent liquor from an ammonium sulphate plant, has examined thf. 
phenols of a vertical-retort tar and has isolated or obtained definite 
indication of the presence of tho ijolyhydrio phenols, catechol, 
resorcinol, and iiyrogallol, mainly the first-named, in addition to 
the raonohydric iihenols derived from aromatic and liydroaromatic 
hydrocarbons. 'A ipethyl ether (possibly guaiacol) was isolated 
from the mixed phenols from the ammoniacal liquor. Disin¬ 
fectants qwoducing white emulsions are obtained by fractionation 
'of the distillates, rejecting all oils boiling above 2(10“ C. 

Details have bet-n given by 11. 'f. Clarke and K. R. Taylor^®* 
for the preparation of the three xylenes in a pure condition from 
•commercial xylene, chemical methods being necessary in addition 
to close fractional distillation. The conditions of operation of 
rectifying columns have received theoretical treatment in a number 
of papers published in the Ainerican Journals.®®® F. H. Rhodes®*® 
recommends the single condenser as preferable to the partial con¬ 
denser method, it giving greater ease of control, and constancy of 
tho reflux distillate ratio under varying conditions. The single 
condenser method works well when applied to* the distillation of 
high-boiling liquids. ^ 

The toxicity of benzene and its homologues has been the subject 
of recwit papers, and attention is drawn to the ease of preventing 
poisoning by efticient ventilation, a limit of I part of benzene 
vajreur in 100,000 of air being regarded as an advisable maximum.®*® 

1,>;56,848 ; J., 1023. 707A. 

Chem. ffoc.. Tram. 1922, 121. 2124 ; J., 1922, 97,5a. 

““ J., 1923, 379t. 

J. Amer. Chem. Soe., 1923, 45, 830 ; J., 1923, .394a. 

P. Dodge, ,7. Ind. Eng. Chem., 1922,14, 1002 j W. H. Bodebush, 
ibid.., 1922,14, 1030; W. A. Peters, jun., t6id., 1923, 16. 402 ; C. C. van 
Nuys, Chem. and Mel. Eng., 1923, 28, 207, 255. 

Chem. and Mel. Eng., 1923, 28. 590 ; J , 1923, 479a. 

E. B. Starr, J. Ind. Hyg., 1922, 4, 203 ; P. P. UnderhUl and B, R, 
Harris, ibid., 1923, 4. 491 ; 1923, 596.1. , - 
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The ad(}ition of boric acid to the sulphuric acid used for washing 
crude beiBol is stated to result in a reduction of about 25% in the 
resinous matter forinfd, and an average increase of 2% in the 
yield of benzol^**; the same reagent has been employed to'remove 
unsaturated hydrocarbons, operating in an autoclave at 250° C.*®* 
R. Kattwinkel lias examined a sample of acid resin from a benzol 
])lant, and quotes the results of its ultimate analysis. He concludes 
that the aromatic sulphur compounds are in the form of sulpBo- 
acid esteis. which are neutral and saturated. 


AfTALY.SI.S. 

Arylsulphoniodo-amide.s of alkali metals,®*' Ar-SOj-NIM, are 
^commended as a convenient source of hypoiodous acid in the 
determination of jihenol or salicylic acid, chloramine T being a 
corresponding suitable chloro-rcagent. Anal 3 rtical methods for 
determining jihenol, more particularly in the control of tho manii- 
facHiro of phenol-formaldehye condensation products, are dis- 
tmsserl by W. R. Ormandy and K. C. Oraxjpn.®'*® J. B. Hill®** 
examines the sources of discnqiaiicy in the determination of 
tihenols in coal tar oils liy extraction with sodiunf hydroxide 
solution. A contrilmfion by R. Sicber®*'* is worthy of study b 3 f 
those res])onsible. for the control of the cau.s*iciBing process on 
caibolio acid plants. 

iT. M. I'aylor®** discusses critically the determination of sulphur* 
and some of its compounds, his recommendations being based on 
a wide cxjierience gained at the United Alkali Co.’s central labo¬ 
ratory. An improvement in Metzger’s method ®*“ for the deter¬ 
mination of naphthalene in tar oils has been developed.®** ' 

D#termination of refractive index is suggested as a convenient 
method for the examination of liquid fuels by H. Eckart,®** who 
gives the physical constants concerned—a test obviously not 
intended to be applied to complicated mixtures. • 

The results of the labours of the Standardisation Committees of 
the Institute of Petroleum Technologists have been publijhed,*®* 

• 

*"» R. Kattwinkel, Brennsloff-Chfm., 1922, 3, 357 ; J., 1923, 48a. 

*"• A. Jaoficr, iWrf., 1923, 4, 260 ; J., 1923, 987a. 

=■" R. Kattwinkel, ibid., 1923, 4, 5,'>; J., 1923, 281a. , 

**‘E. Roberts, C/icm. Hoc. rrms., 1923, 188, 2707 ; J.,*1923, 1215a. 

“V., 1923, 18t. 

»“/nd. Eng. Chem., 1923,15. 799 j J., 1923, 1014a. 

Papierfabr., 1923, 21, 89. 

J., 1923, 294t. 

J., 1«21, 502a, 805a. 

0«e, Oat- M. Wasaerfach, 1922, 66, 773 ; J., 1923, !38a. 

Brennstoff-Ghem., 1923, 4, 24 ; J., 1923, 134a: of- also H. Wolfi and 
C,.T)om, Farbm-Zeit., 1922, 88, 330; J., 1933,62a. 

• ““A. E. Dunstan, J. Inat. Petrol Tech., 1922, 8, 578 ; J., 1923, 172a. ’ 
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aud ill the absence ot standard methods for taS.' distillates valuable 
guidance may bo obtained in the eases in which the tests are 
applicable. , ‘ 

The ilsc of alumina as an absorbent for water in organic analy.sis 
is recommended by H. L. Fisher, H. L. Faust, and (i. H. Walden.™" 


t^AI/OJUMETERS AND OTUKR InSTRItMENTS USED TN OaS WoEKS. 

(By James W. Wood, M.Sc., A.I.C., Ro.searcb Chemist, Fuel 
Department, the Ihiiversity, Feeds, and Institution of 
Oas Engineens.) ' 

Tlie Boys recording gas calorimeter was moled in last y(*ar‘s 
Report,™' and detailed s])eei(i(!ations are. now available."® Eiirthcr 
improvements were described by Frofe.ssor C. V. Boys in a lectnrt 
at the Royal Institution in Ajnil last.™" So far, however, no 
,specimens of the comjilete instiunient are available, for distrilnition. 
The Fairweather reeoi ding gas calorimeter has been subjected t^o a 
])raetical examiB,ation by a Committee of the Institution of Gas 
Engineers,™* The fonditions necessary for the accurate measure¬ 
ment and Qontrol of gas by the use of the escapement meter are 
clearly nidieated. 'J'lie value of an instniment relying ujion jet 
control for the regulation of wuiter su])j)ly may be, estimated from 
the Report, It is concluded that, when jiroperly installed, and with 
occasional skilled attention, the recorder is capable of working con¬ 
tinuously with an aismracy of A th6% under favourable conditions 
as to temperature and quality of water supply, J. W, Wood™" 
gives a critical survey of e.xi,sting recording calorimeters such as 
would, facilitate selection and operation in particular cases. A 
“ therm meter ” is described™" in which the dials induiate therms, 
adjustment for any predetermined calorific value being mads by 
alteration of the waiter level in the meter by regulation of overflow' 
level. J. 0. Stewart™’ describes the “ Sigm*a ” calorific value 
recorder. The same instninont can be adapted as a COj-rocorder 
for flue gases if the governors on the, gas supply arc operated by 
difleredces in dunsity between flue-gas and air. 

Tlje Beasleyrecorder™'’ has been fitted with a device for correcting 
its rt’admgs for vaiiations in atmospheric temperature and pressure. 

5»»/nd. CIA. Eng., 1922,14, 1138 j J., 1923, 104a. 

‘ Ann. lic/ili.. 1922, 7, 04. 

* Om J., 1923,162, 104, 168, 223. E.P. 19!>,180 ; ,/.. 1923, ,9284, 

1923, 162, 271, 

“iRiVt,, 1923, 161, 402, ,'124, 092, 093, 700; 162, 30, 100; 163, 30, 
102, 222, 598, 077, 7+4 ; J., 1923, 750.4. , 

>'»Ibid., 161,205. 

»• Ibid., 163, 751. 

Ibid., 162, 30. 

Ibid.. 164, 49. 1923, 457t. .* 
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A suitably devised brake varies the rate of oscillation of the 
pendulum controlUngJihc meter. 

•W. C. Peebles has placed on the market a simple ualorifie value 
indicator opei'ating by the flexure of a compound metal bar, 
when heated by a specially controlled Bunsen burner. 

Important modifications in the methods officially adopted for the 
determination of the calorific value of gas will be found in the 
lat<‘,st “ Notification ” of the («a.s Referees.^'" 

A lyj)e of bomb calorimeter has been ilevised by B. Browjr“* in 
which the clc«trode.s are arranged so a.s to suffer the minimum 
amount of damage dmjng combustion, and the method of closing 
Mic bomb is novel.. l)iffu,sion through a porous diaphragm and 
measui'cmcnt of the cojisetiucnt jiressm'e diirerence on its two 
•ides lia.s been applh'd to gas analysis—-mainly flue-gases—in the 
VV.R. 0()„-recordcr.'*‘- 

K.f. ; j., ia2:i, iiusa. 

• •' (loiicnil Netilieat 1011 ol Liai. Itok-i-nv. .luiic. h.iu, eunioiicrv 

yilicc, 

H.f. ; J., I sc;:), 475.1. 

a:i« J., 11)2:!, 161, 33t). 
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aud ill the absence ot standard methods for taSi distillates valuable 
guidance may bo obtained in the eases in which the tests are 
applicable. , ‘ 

The ilsc of alumina as an absorbent for water in organic analy.sis 
is recommended by H. L. Fisher, H. L. Faust, and (i. H. Walden.™" 


t^ALOJUMETERS AND OTHER InSTRItMENTS USED TN OaS WoEKS. 

(By James W. Wood, M.Sc., A.I.C., Ro.searcb Chemist, Fuel 
Department, the Ihiiversity, l.('eds, and Institution of 
Oas Engineeis.) ' 

Tlie Boys recording gas calorimeter was moted in last y(*ar‘s 
Report,™' and detailed s](eei(i(!ations are now available."®' Kiirthcr 
improvements were described by Frofe.ssor C. V. Boys in a lectnrt 
at the Royal Institution in Ajnil last.™" So far, however, nc 
.specimens of the comjilete instrument are available for distrilmtion. 
The Fairweather recording gas calorimeter has been subji'cted t^o a 
])raetical examiB,ation by a Committee of the Institution of Gas 
Engineers.™* The fonditions necessary for the accurate measure¬ 
ment and (jontrol of gas by the use of the escapement meter arc 
clearly nidieated. 'J'lie value of an instniment relying ujion jet 
control for the regulation of wuter RU])j)ly may be, estimated from 
the Report. It is concluded that, when jiroperly installed, and with 
occasional skilled attention, the recorder is capable of working con¬ 
tinuously with an aisuracy of A th6% under favourable conilitions 
as to temperature and quality of water supply. J. W. Wood™- 
gives a critical survey of e.xisting recording calorimeters such as 
would facilitate selection and operation in particular eases. A 
“ therm meter ” is described™" in which the dials induiate therms, 
adjustment for any predetermined calorific value being mads by 
alteration of the w'atiu- level in the meter by regulation of overflow' 
level. J. 0. Slewart ™’ describes the “ Sigm'a ” calorific value 
recorder. The same instninent can be adapted as a COj-rocorder 
for flue gases if the governors on the, gas supply arc operated by 
difleredces in dunsity betweim flue-gas and air. 

Tlje Beasleyrecorder™" has been fitted with a device for correcting 
its rt’aduigs for variations in atmospheric temperature and pressure. 

5»»/nd. CIA. Eng., 1922,14, 1138 j J., 1923, 104a. 

Ann. lic/ili.. 1922, 7, 04. 

* Om J., 1923,162, 10-4, 108, 223. E.P. 195,180 ; 1923, 528A. 

1923, 162, 271. 

“iRiVt., 1923, 161, 402, ,524, 092, 093, 700; 162, 30, 100; 183, 30, 
102, 222, 598, 077, 7+4 ; J., 1923, 756a. 

>'»Ibid., 161,205. 

»• Ibid., 163, 751. 

Ibid., 162, 30. 

•»»« Ibid.. 164, 49, ./., 1923, 457t. 
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within the British impire. It is understood that the State boring 
at Boma, Queensland, is to be finally abandoned, after influx of 
water at high pressure on the ga«-bearing stratum caused shutting 
off. In New Zealand, the bormg at New Plymouth has nohrealised 
e\pectations, and operations have boon stopped owing to the 
failure of welt casing. The New Plymouth borings had yielded the 
best flow of oil in New Zealand. 

No oil has 3 'et been discovered in South Africa, despite continued 
search and survey, though recent advices indicate the possibility of 

its existence in Rhodesia,^ 

« 

On the other hand fhe refining of crude petroleum is raiiidly 
becoming an importgnt industry in the United Kingdom. During 
the first six months of P.)23 over 14(1 million gallons of crude oil 
»'as imported, this being an increase of more than 52 million gallons 
over the corre.sponding ])criod for llie previous year. It is worthy 
of note also in emphasising the importance of this modem develop¬ 
ment that during the .same period petroleum products of British 
manufacture were exjwrted to the value of £1,192,064, this repro- 
Jenting an increase in bulk over that of the first six months of 1922 
of over 28 million gallons. 

Olher Kurojiean countries aro also taking groat interi^t in thg 
(lei olopment of their oil resources, but whether such development 
i.s likely to be impeded by the American over-production remains 
to bo seen. Jugo-Slavia has extensive evidence of deposits in old 
Serbia, and both Bosnia and Montenegro aro regarded as potential* 
oil aroas.'" In (Spaui th(' exploitation of the Santander and Alava 
jirovinoes is looked on hopefully,’ and hi Germany the extraction 
of oil from the Wietze sands, near HanoVor, is being carried on by 
actual mining, the oil being washed out after the sand has been 
broi^ht to the surface.’ In this connexion, also, the report of 
D. V. GolubianilrofU on the amount of undeveloped oil land in the 
Baku district indicStos tho importance attached to the exploitation 
of their petroleum resources by the .Soviet Govonmicnt. It is 
estimated that land from which about 1764 million poods (over 
28 million tons) jier amium could bo produced, remain? to bo 
ileveloped. * ^ 

Concernhig extra-European enterprises a significant comment is 
made to the effect that in view of the over-pro(}uotioii in the 
United States and tho conthiuod large production m Mexico, • 
developments by South American oil companies have received a 

^ Fimncial News, Dec. 5, 1923. 

^Oil Weekly, July 14, 1923. 

* V.S. C'omfnerce Htport.it, July 10, 1923. 

*J. Inst. Petr. Tech., 1923, 9, XV. 

, ®i6w7., 185. 

, « Widl Sired J., July 18, 1923. 
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set-back of several years aud that exponditurb oil money for such 
developments is not warranted at present. 

1 . 

• Ckude Oil. 

In discussing a paper byW. A. Guthrie’ on heavy-grade Egyptian 
crude petroleum, A. E. Duirstan* pleads for the storage for posterity 
of large samples of the oils from the chief producing fields, since it 
appears certain that before very long many of these crude oils will 
not be available for del ailed examination. The suggestion seems 
very cogent, since future technique may bring to light inqrortant 
knowledge on the compo.3ition of the heavier fractions of mineral 
oil, which at present appears unattainable. ■ * 

The Origin of Petboleum. » 

Little original work has been published on this engrossing subject 
dpring the past year, but the researches of E. Pyhalii” deserve 
attention as providing data which are claimed to uphold the theory 
of the inorganic Origin of petroleum. One of the objections to this 
theory, which has hsJd few adherents of recent years, is the alleged 
fact that,no«high-visoosity hydrocarbons of the lubricating oil type 
have been shown to originate from the products of the action of 
water on metallic ewbides. Working with the unsaturatod residues 
from the separation of light aromatic compounds obtained by 
iiracking Baku petroleum, Pyhalii has shoivn the polymerisation of 
the most mobile fractions to oils of high molecular weight, corre¬ 
sponding to spuidle, machine, and cylinder oils. This observation 
is of interest, but its importance would be greater had the un¬ 
saturated comiiounds been obtained in the first place from 
inorganic sources. K. H. Brownlee’" has already shown ^the 
formation of lubricating oils by the condensation of light unsaturatod 
compounds. , 

Pyhala lalso claims that the slight optical activity of iietroleum, 
which is regarded us proof of its organic origin, may best be explained 
by the presence of minute traces of accessory substances of vegetable 
origin, i. 

Ther inorganic theory of the origin of petroleum receives support 
from'W. Ramsay,” who comments on the remarkable, almost 
universal,* occuHcnce of nickel as a constituent of petroleum ash, 
knd draws the conclusion that the catalytic reduction of carbon 
monoxide or carbon dioxide in the presence of nickel, after the 
method of Sabatier and Senderens, possibly accounts for most of 

’ J. Im-I. Petr. Tech.. 1923, 9, 212 ; J., 1923, 964a. 

« mi., 234. 

• Petroleum, 1923, 19, 495, 535 ; J., 1923, 699a. 

’"U.S.P. 1,309,432; J., 1919, 621a. 

“J., 1923, 287t. 
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the petroleum deposits. The presence of other such as 

copper and vanadium, is also noted. The possibility of the 
“poisoning” of the’catalysts by sulphur or carbon monoxide is 
discussed, but it is considered that the catalyst might" become 
re-activated or the conditions under which the formation of petro¬ 
leum takes place be such that poisoning doei not occur. The 
fact that the more unsaturated petroleums contain least nickel is 
considered further to support the theory. 

A valuable paper by E. H. C. Craig“ summarises the most 
important of recent investigations bearing on the origin of petroleum. 

Analytical. 

^ Tho most important foatuie of the year in this section has been 
the completion of the first, and major, report of tho Committee 
appointed by the Institution of Petroleum Technologists in 1921 
for the purpose of standardising tho analytical tests used in the 
raifieral oil industryand of whicli a critical resume has already 
been published by A. K. Dunstan.” Tho Committee has aimed at 
deliverhig authoritative decisions on the many points concerning 
which petroleum technologists have hitherto worked under serious 
difficulties, owing to the previously existing divergencies in methods! 
and interjiretation of results. As far as possible the methods 
recommended have been chosen to accord with those of the American 
Society for Testing Materials and the American Bureau of Standards,< 
but in a number of cases, methods generally accepted in British 
practice have been retained despite the desire to secure world-wide 
uniformity. Thus, for example, the Abel closed flash test and the 
Redwood viscosity test arc so firmly established that to adopt 
othej standards in their place could only be justified had they serious 
technical shortcomings, which is certainly not the case. 

Besides the staitdardisation of methods the I.P.T. Committee 
has concerned itself with the standardisation of apparatus. ^ Indeed, 
several of their most important recommendations deal with the 
unexpectedly grave variations which their investigationr have 
revealed in what have been generally regarded as standard instru¬ 
ments. Thus, the dimensions and permissible degrees of tolefknce 
for the apparatus used in the Engler distillation test have been laid 
down with extreme exactitude, and similar data are"' given for the , 
first time for the determination of water and sediment by means of 
the centrifuge. In order to give effect to their recommendations 
and to secure certification of instruments the Committee has taken 
the important step of arranging with tho National Physieal 

” J. hist. Petr. Tech., 1923, 9, 344. 

• ^‘Jbid., 1923, 9 (advance proof). 

#“ Ibid., 1922, 8, 678 ; J., 1923, 172a. 
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Laboratory for the calibration, testing, and marking of instruments 
complying with the adopted standards. 

It is manifestly impossible to discuss thist important and useful 
report itt any detail, since it covers nearly all the princii)al mineral 
oil tests, leaving only minor tests for future consideration, but it is 
of interest to note that the lamp method for the determination of 
sulphur has been made standard and that an exact method for 
doterminmg the sludging values of transformer and switch oils has 
been laid down. The work reflects great credit on the Institution 
of Petroleum Technologists. 

A serious difficulty with regard to standard tests has been pointed 
out by P. K. Klopsteg and W. H. Standard.*'' Por measuring 
viscosities on the Saybolt instrument the A.S.T.IM. specify u degree 
of constancy hi the tenijjerature of the bath of 0-26° F., and the 
authors assert that it is quite impossible to comply with this 
requirement while stirring by hand and with the usual typo of 
thermo-regulator. They have conso(iuently devised an electrical 
heating regulator which, in combination with a special stirrhig 
arrangement, meets the requirements of the test. , 

Regardmg the iidere.sting problem of the separatioji of the 
compone^jts of ijctroleum, more work has been done by P. F. Gordon.*® 
His preliminary communication contains a critical examination of 
the industrial metheds of separation of products from Burmah crude 
oil,givmg comprehensive details, in chart form, of the process used 
jvith ordinary works plant, and directs attention to the in¬ 
efficiency of certain refining methods. 

The physical condition of crude oil is discus.sod and experimental 
work on fractional precipitation, emulsification, and surface tension 
has been started and preliminary results are recorded in detail. 

Some components of crude oil exist in the colloidal condition, 
but ordinary methods for coagulating colloids do not effect separa¬ 
tion. Solid paraffin wax can be separated i\om crude oil by 
precipitation, so that the existence of so-called proto-paraffin is not 
essential to account for the behaviour of solid paraffins m undistilled 
oil. Crude petroleum may bo fractionally precipitated from a 
suitable*solvent ahd fractions thus obtained from Hardstoft crude 
do not show the same gradation in viscosity as distillates. Higher 
fractions from petroleum behave as omulsoids and do not contain 
a higher jJorceniago of unsaturated compounds than lower fractions. 
* A higher hydrocarbon in solution in a lower one lowers the surface 
tension of the latter, and the surface tension of fractions from crude 
oil decreases as the siiecific gravity rises. The surface tension of a 
light fraction is lowered by the addition of a higher fraction, but a 
mixture of light and heavy fractions may have a lower surface 

“Ind. Etty. ('hem., 11)23, 15, 702 ; 1923, 860*. 

■•J., 1923, 406t. 



MINEIWl 0IL3. 


70 


tension than either ot the components. The surface tension of pure 
hydrocarbons and the best conditions for separating components of 
a^ixture of hydrocafoons at surfaces, are being determined. 

Tlie necessity for preparing pure hydrocarbons led to tht investi¬ 
gation of known methods of preparation, but the inefficiency of these 
cau.sed the return to petroleum as the starting point, and fractions 
from Aiiglo-Persian crude oil v/ero brominated by Herzfelder’s 
method, yielding colourless crystalliue compounds, the separation of 
which in the pure state was comparatively simple. 

W. II. Ormapdy andE. 0. Craven'’ have continued their work on 
the effect of varying conditions on flash-point determination and 
Iwve endc^avoured to^imd some jfliysico-chemieal significance of the 
test. With this [joud in vi(!W they have investigated the effect on 
ftash-point temperatures of iccluoed and increased pressures, of 
altering tiu' composition of I ho atmo.sphere, and ot temperature of 
the va])our-air mixtures. Certain empirical relationships are given, 
but it seems (luestionabl'c whether " flash pohit ” can in any sense 
1)0 regarded as a true iiliysical constant and, therefore, capable of 
fhe interpretation the authoi.s seek. 

The vexed ([ucstion ol the determination of iodine values of 
petroleum oils has been re-im cstigated by S. Kenvai,*® who 
emphasises the fact that whatever method is adopted the exact 
conditions must be sjxicifiod if results are to booat all comparable. 

The woll-kiiown American " doctor ” test for sulphur in motor 
fuels is again the subject of adverse criticism, and J. C. Chatfield'®, 
I)oints out that elemental sulphur, which may be very detrimental 
to motor si)irit, cannot bo detected by the doctor test. Similar , 
conclusions are come to by J. V. Meigs and-.E. J. Ford.®* For nearly 
every reason the importance hitherto attached to this test seems 
vcryitundesirable. For the rapid determination of water in mineral 
oils L. Losana’’ has devised a method which appears to give good 
results and is based on the measurement of the increase of pressure 
or of the volume of hydrogen evolved when the oil is agitated with 
calcium or sodium amalgam. 

L. C. Karrick and V. F. Parry^ overcome the difficulties of 
determining the melting points of greases and the like by spreading 
the grease on an oleetrically heated rod with Constant temperature 
differences between the two ends,and obscrvuig the point at which 
adhesion commences when a blast of air is moved at a fixed rate 
dong the rod. The melting points d6t).rrained by this novel 
aiethod are stated to bo (juite sharp. 

'V. Inst. Petr. Tech., 1923, 0. 33 j J., 1923, 173a 
'‘J. Chtm. Ind. Japan, 1922, 25, 406. 

** Nat. Petr. News, Nov. 15,133. 

“ Refiner, 1923,0, 0. 

’^Oiorn. Chim. Ind. Applk., 1923, 4, 570 ; J., 1923, 172a. 

“ Ind. Eng. Chem., 1923,15, 600 ; J., 1923, 700a. 
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Ckacking. 

Probably the most striking advanco in petroleum technology 
duiing 1923 has been the steady development of so-called liquid- 
phase processes for the production of light spirit by the thermal 
decomposition of heavy oils. 

Attention has boon drawn to somo of those processes in previous 
reports, but the facts that G. Eglolf and J. C. Morrell-“estimate the 
1923 production of cracked gasoline in the United States of America 
as approximately 2800 millions of gallons, and that much the biggest 
proportion of this is produced by licjuid-phasc processes, indicate 
the industrial importance of the subject. , 

The processes of R. Cross,^'' 0. Ellis““ (Standard Oil Company), 
J. C. Black,“® S. J. M. Auld, A. E. Punstan, and P. H. Horring,“? 
and others are directed towards the substantial mauitenanco of the 
liquid stale during the thermal decom])Osition of the heavy oils and 
the deposition of the carbon necessarily formed during the process, 
in special settling chambers which arc not strongly tired or from 
which heat loss is reduced to a minimum by heavy lagging. Thd 
processes differ in the attainment of these conditimis, and in the 
newer preooSs of Auld, Punstan, and Hearing, in which there are 
tliree distinct zones of heating, no decomposition takes jdace in 
the firing chamber.*' 

Besides those liquid-phase jirocessos, further development of the 
pressure distillation method of cracking has occurred through the 
application of the Pubbs patent ““ to the decomposition of heavy 
oils. This patent, which was obviously originally intended to deal 
with the dehydi-ation of emulsified oils, has been broadened in such 
a way as to admit of the treatment of hydrocarbon oils under heat 
and autogenous pressure applied both to stills and condensers.' It 
has thus become a serious competitor of the Burton pressure 
distillation process, and has the advantage over ftie latter that the 
still is nof directly fired, but receives its heat from the incoming 
oil, which itself is heated in coils suitably disposed in a furnace. 

Extensive litigation was threatened in America between the 
controllers of the Cross and Ellis processes on the one hand and 
between the Pubbs and Burton processes on the other hand, but 
difference? have»apparently been settled by agreement and all four 
fhethods are now in vogue, though the Burton process would now 
appear obsolescent. 

CImn. and Met, Enfj., H)23, 29, 53 ; J-, 1923, 757a. 

=* U.S.P. 1,437,229 ; J., 1923, 87a. 

“‘E.P. 174,089 ; J., 1923, 093a. 

““U.S.P. 1,456,419 ; J., 1923, C43a. 

» E.P. Appl. 4924, 1923. 

“U.S.P. 1,123,602. 
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Tlie liquid-phW cracking processes possess many advantages 
over the older vapour-phase processes. They can deal with much 
heavier cracking stock, even to the extent of oraeking fuel oil and 
hSavy Mexican crude oil,^® they produce much smaller proportions 
of imcondensable gas and carbon, and the light spirit is of very 
•suiK^rior quality and easily refined. The refining consists generally 
of limited acid treatment, followed by a desulphurising process, 
and is completed by a steam distillation. 

Considerable publicity has been given to a cracking process 
devised by V. L. Kmorson,®’ who advances the novel claim that 
cracking is eausod, or assisteii, by the impact of the hydrocarbon 
molecules when the oil to bo craokodisinjected at liigh pressure into 
an expansion chamber suitably heated. In pr.actice opposed pairs 
of jets are used, the velocity of the vapours at the jets being approxi¬ 
mately 2000 feet per second. Much has boon written in support of 
this “ impact process,” but it remains to bo seen whethbr it will 
have any special utility, or whether there is any real basis for the 
underlying feature of molecular impact. 

, As usual, a largo number of patents dealing with cracking have 
been granted during the year, of which it is difficult to determine 
the trend or wliich are apparently aimed at simulating 6r nxtending 
known proces.ses by the introduction of novel features alleged to be 
improvements. Most of those have been directed to the develop¬ 
ment of pressure distillation proces.scs, the older vapour-phase 
methods being at present somewhat in disrepute. t 

Apart from such claims, one or two now processes deserve notice 
by virtue of their unusual character. I'l. M. Hyatt,for example, 
cracks fuel oil, kerosene, or other hydrocarbons after treatment 
with chlorine, this gas being passed direct to the pressure still in 
the proportion of 1--10 lb. per 60 gallons of oil. The gasoline 
distnlato only requires treatment with caustic soda. 

Plausons®havo embodied the use of zinc chloride, alone or mixed 
with quicklime, in a process for cracking shale or potrofcum oils, 
and the results are stated to be pafticularly good. Anhydrous 
zinc chloride, like aluminium chloride, is known to be an e;coellent 
refining agent for cracked spirit, but so far has'not been found 
capable of replacing the latter as a “ catalyst ” for crashing 
purposes, 

No further developments have been recorded ef the" Bergius 
process for the direct hydrogenation of oil an 1 coal at high pressures,' 
but a useful review of the subject in its relationship to the pro¬ 
duction of motor spirit has been published by H. G. ShatwelP’and 


Of. (i Egloff, Nat. Pet. News, 1923, 15, 12 


J., 1923, B99a. 



78 


nl!T,ORTS OP THB niOOBESC OP APPWED CHEMISTBt- 

Rhould be consulted by those interested. H. I. Waterman and 
N. J. Porquin®'' consider the Bergius method to be superior to crack¬ 
ing without hydrogen under preasuro. " , 

T. Ulko’^Jias patonte<l an adaptation of the Bergius process in 
which the carbonaceous inatorial is hydrogonntod by means of 
sodium formate, or the like, which ])rodu('es hydrogen at high 
temperatures, and H. Nielson and B. Laing'^'* for the same purpose 
have devised improved catalytic methods for the manufacture of 
formic acid and its salts, 

M. Melamid®’ in a series of patents elaborates a process for using 
tin and other alloys to assist the hydrogenation of hydrocarbons at 
high temperatures. Alinosphorio pressures n.c employed and, as 
a rule, temperatures of tiOO"- 8(10° C. At t)00° C. the use of extran¬ 
eous hydrogen is stated to be U!inece,s.sary. The process is clairaeil 
to be very promising, lint so far <loes not appcii r to have reached the 
•large-scale stage. 

So many extravagant claims have lieen made on behalf of 
cracking processes baaed on Iho (sTeeta of lioth high- and low- 
frequency discharges on petroleum hydrocaihous, that an authori¬ 
tative pqpeB on the subject by J. J. Jakosky,"" of the IJ.S. Bureau rjf 
Mines, read before the Petroleum Division of the Ainei lean Chemical 
Society,is sincerely to bo welcomed, dakosky's work shows clearly 
that claims as to no carbon format ion, ]iolyiin‘risation of uiicon- 
jdensablo gas, loss unsaturation, etc., cannot be confirmed and that 
any other special effects van be icproduccd by using a higher 
temperature in the cracking /.one. No hydrogenation could bo 
obtained and the commercial application of the corona discharge 
seems neither desirable nor feasible. 


DlSTtLLATIOK AND ReFINJNO. 

L 

Kmvlsions. 

c- 

The treatment of oil-field emulsions lias always been a difficult 
problem-and one which, despite the successful application of 
centrifugal methods, has not been entirely solved. Electrical 
dehydrators of various types continue to be evolved. H. C. Eddy,®* 
using plate eleetrodes, varies the field automatically as required by 
'means of an elcctroraagnotie device operating on the ujiper electrode 
whenever the current exceeds a predetermined value. P. W. 

Proc. K. Alad. Wdciisck, 1923, 86, 226; J., 1923, 757a. 

»'U.S.P. 1,445,423; J., 1923, 302a. , 

5«E.P. 198,38.5 ; 1923, 760a. 

" E.P. 171,367, 171,390, 174,321, 180,625, 193.022 ; -T., 1923, 259a, 393a. 

J. Inst. Pet. Tech., 1923, 9, 266a. 

■ =»U.S.P. 1,442,608; J., 1923, 259a. i 
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Harris “ omi^loys rotating electrodes and also an annular arrange-' 
ment intended to maintain a field of unifrom thickness. In 
aiyjther modification **of his process, plate electrodes are used and 
the upper electrode is insulated. ' 

Refinery emulsions may come under the same general treatment 
as crude oil emulsions, but for various reasons gravity or centrifugal 
separation of the water is more desirable. H. V. Dodd® points out 
tliat in petroleum emulsions asphalt is moat frequently the emulsify¬ 
ing agent and that separation may be effected by attacking the 
emulsifying agent or by increasing the surface tension of the inter¬ 
face. By the addition of electrolytes having strongly adsorbed posi¬ 
tive ions, oraulsions may be broken by neutralising the negative 
charges carried by the dispersed water globules, providing that the 
ctectrolyte can be conveyed through the oil envelope to the dispersed 
water. For the purpose, it is necessary to use a sub.stance partially 
soluble in both phases, and Podd has found acidified phenol to 
be .very efficacious. Phenol added to kerosene-acid-sludge acts 
even better. Veiy small quantities of acid only are necessary, so 
tliat injury to plant is unlikely. H. A. GilF’ recommends the 
addition to the emulsion of small quantities of a colloii,! soluble in 
water, as for example glue, the addition of which in the proportion, 
of 0-1 % is claimed to render the emulsion amenable to centrifugal 
treatment. For a similar purpose E. E. Ayres uses solutions of 
sodium resinate in liquids miscible with petroleum. 


Distillation. 

Apart from the design of vertical topping stills, several t 3 q)es of 
whicjii are now in continuous use, and of distillation assemblies for 
the purpose of producing special cuts, there have been few advances 
in plant design for petroleum distillation for many years. The bulk 
of the world's petroleum continues to be distiUed from ordinary 
cylindrical stills. E. H. Leslie,^® in hft recently published book, 
ascribes this fact to the general utility of the cylindrical ftill in 
comparison with its only serious competitor, the pipe stfll. The 
latter is undoubtedly a more intelligently designed plant, butsthe 
boiler t 3 q)e of still is more flexible and can be built of smaller 
capacity without much loss of efficiency. Leslie regards the'modem 
pipe still in its elaborated and refined design as distinctly the plant 
for the large company. 

"U.S.P. 1,440,828 and 1,455,139; J., 1923, 217a, 705a. 

" U.S.Pf 1,458,291 ; J., 1923, 818a. 

“ Chem. and Met. Eng., 1923,88, 249; J., 1923, 299a. 

"E.P. 195,876; J., 1923, 541a. 

•“U.S.P. 1,454,618-7; J., 1923, 694a. 

•“ “ Motor Fuels ” (Chemical Catalog Company, 1923). 
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A form of pipe still in which the oil is heated by hot gases passing 
in a counter-current direction has been devised and patented by 
the Stirling Boiler Company and W. W. Whut.^® 

^ In diticussing the operation of stills fitted with columns, F. H. 
Rhodes,®’in an interesting paper, advocates the use of single con¬ 
densation as against “ partial condensation,” i.e., dephlegmation. 
This, of course, is a matter of considerable importance as being 
opposed to existing theory and practice, but Rhodes claims that 
simple columns can bo more advantageously applied to the distil¬ 
lation of high-boiling liquids and that the operation requires a 
minimum of attention. This may bo true of intermittent distil¬ 
lation, but it scarcely scorns to accord with known jiractice for 
continuous stills. To make up for the loss oi heavy reflow to the 
column where dophlegmators arc used, Rhodes recommends tlje 
addition of further plates to the simiflo columns. 

Valuable information of assistance in refinery practice is given 
by J. C. Morrell and G. Egloft,®* who compared the results of 
distillation under atmospheric and reduced pressures of a nuirtber 
of American crude oils. With the exception of Mexican crude oi’, 
the percentage of unsaturated compounds produced is lower during 
the redweed pressure distillations. Although the same yield of 
'lubricating oil stock was obtained, the low-pressure distillation 
product had muchhighcr viscosity than that obtained by distillation 
at atmospheric pressure and the yield of wax was increased. Less 
cracking takes place under reduced pressure than at atmospheric 
pressure, and this accounts for the marked ditferonce in the products 
obtained. 

The Griscom-Russcll Co.®* has patented a fractionating column 
containing a large number of vertical tubes and with the upper or 
dephlegmating portion cooled by a medium, which takes a tortuous 
path directed by a helical baffle. 

t 

Refining Agents. 

Experiments conducted by H. I. Waterman and D. W. Sissingh®® 
on the (tesulphurisation of asphaltic Mexican crude oil have shown 
that’acid washing followed by soda treatment is quite efficient for 
the purpose. Sodium plumbite appears to have no advantage over 
caustic boda, “whilst the common practice of adding flowers of 
sulphur is actually harmful. P. von Bitmar “desulphurises hydro¬ 
carbon oils successfully by digestion with the metallic soaps of the 

**E.P. 191,465; J., 1923, 216a. 

" Ckem. and Met. Eng., 1923, 28, 290. 

••J., 1923, 188t. 

*“ E.P. 174,569; J., 1923, 440a. 

‘"Ctem. Weehblad, 1922, 19, 489; J., 1923, 5a. ^ 

“U.S.P. 1,448,643; J., 1923, 441a. >. 
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liighor fatty acids, li. Ffeeman^ desulphurises oib in an atomised 
form, for example, with ammonia, and A. C. Neslield“ removes 
sulphur compounds h^ successive treatment with hydrochloric acid 
gas mixed with air, and caustic soda. 

For the purification of petroleum products, particularly for 
(lesulphurismg and decolorising, many naturally occurring earths 
have been employed, and of late years the Death Valley clay of 
California has found much technical application. 

According to H. L. Kaufmann,^' lialloysite, pyropliillitc, and 
montmorillonite are all useful for the purpose, the last named 
having twice the cllicicucy of the other two. Death Valley clay is 
of the first type. The clays are digested w'ith weak acid and are 
merely air-dried, as the presence of water is advantageous since it 
jaomotes agitation by the disengagement of steam. The treatment 
is carried out at 120°-175“C. C. Cramer has prepared earths, 
having excellent decolorising properties, by emulsifying aluminium 
hy^rosilicatcs with dilute hydrochloric acid at ordinary tempera¬ 
tures. M. A. Itakusin'’® has invo.stigatod the limits of adsorptive 
Jlowcr of lloridin for dcsrolorising 2 >otrolcum oils, and finds that the 
effwt of time of coirtact is much more marked than the effect of 
•luantity. A. R. Dunstair and F. G. P. Rcmfry ” finii ft advaii; 
tageous to use floridm or fuller’s earth and bauxite or similar 
.substances in succession in the treatment of kerosene for the 
removal of colour and sulphur. This appears sound, for surfaces 
capable of adsorbing colour efficiently have not the same capacity* 
for removing other types of dissolved matter. 

E. Zomer, H. Weiss, and H. Opalski®* ha^ve determined the mutual 
solubilities of many hydrocarbons and liquid sulphur dioxide. 
They find that the solubility curves of all the substances used, 
toluene, »-totradecane, n-pentatriacontane, deca- and tetra- 
hydronaphthalene,^ show well-defined maxima. In general, the 
l)araffins are the least soluble, the naphthenes more so^ and the 
aromatic and unsaturated compounds are easily soluble. The 
solubility decreases with increase of molecular weight. 

C. R. Ehlers claims that aromatic amines, e.g., aniline, toluidine, 
etc., are suitable agents for purifying mineral oils by virtue oMheir 
capacity for removing resinous, tarry, and bituminous substances 
when agitated with the oils in the proportion of 3(I-70%*. 

“ E.P. 193,979 ; J., 1923, 487a. 

“ B.P. 196,680 i J., 1923, 693a. 

“‘fVol. Petr. News, 1923, 16. 81. 

'‘U.S.:^- 1.456,956; J., 1923, 643a. 

“ Petroleum, 1922, 18, 797. 

” E.P. 190,553 : J., 1923, 174a. 

'• Z. angew. Chem., 1922, 85, 263 ; J., 1922, 581a. 

“ E.P. 184,991 i J., 1922, 802a. 
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Gum-Foeming Substances. 

A comprehensive report on the gum-fwmmg constituents of 
gasoline-has been published by N. A. C. Smith and M. B. Cooke,®* of 
the U.S. Bureau of Mines. They state that no direct connexion 
appears to exist between gum formation and the unsaturated 
hydrocarbon content. On the other hand they consider the 
formation of aldehydes by oxidation of certain unsaturated hydro¬ 
carbons to be a probable explanation of the presence of gumming 
substances in gasoline. x\s all tests applied for the detection of 
phenols were negative, the possibility of the gums being phenol- 
aldehyde condensation products was ilismissed, though the 
behaviour and analysis of the gum suggested this hypothesis. 
Smith and Cooke regard the well-known copper dish test for gum¬ 
ming as thoroughly unsatisfactory, and recommend the adoption‘in 
its jilatv of a simple standardisi.d process based on evaporation 
from glass dishes and drying the gum at an elevated temperature. 
The unsatisfactory nature of the copper dish test has also been 
pointed out by J. V. Meigs and E. J. Ford,®' who suggest the use of 
a glass dish containing metal turnings wJicn gum deposition and 
actual eoriosion are to be distinguished. 


" Motor Fuels. 

IVo factors bear in a most important way on the search for new 
fuels for internal combustion engines. The first is the natural 
tendency on the part of automobile engineers to increase efficiency 
by increasing the compression ratio, which leads to higher thermal 
efficiency, and the second is the deep-rooted feeling that despite 
periods of over-production the world’s supplies of petroleum -will 
before long bo insufficient to meet the increasing demand. *Theso 
factors are closely inter-rolated, for no jietrol will bear a com¬ 
pression i" the neighbourhood of oidy 4-5 :1 -adthout excessive 
detonation in the combustion chamber, an effect which H. E. 
Ricardo®® has established as producing the metallic sound known 
as “ ^ipking,” and the heavier the petroleum product the lower 
is lie maximum compression ratio which can be used. On the one 
hand, therefore, there is a search for new high-compression fuels 
which will open up fresh sources of supply, and on the other the 
search for materials capable of reducing detonation and the 
admixture of which in small quantities will allow of the use of 
petrol and also of kerosene in high-compression engines. 

Under the first heading comes the work on the utilisation of 
alcohol and mixtures containing alcohol and the related investi- 

" V.S. Bureau of Mines Report No. 2394, J922. 

Refiner, 1923, 2, 6. 

“dttt Ertg., 1921, 11, 61, 92, 130, 169. 
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gations into the value of aromatic compounds as “ anti-knocks.” 
Ricardo gave the following useful table of “ highest useful compres¬ 
sion ratios ” showing^the value of these materials : Petrol, 4-5 :1 
to C-0 ; 1; benzene (98%), 6-9:1; toluene and xylene,* 7-0:1; 
alcohol (98%), 7-0:1. 

Since the publication of the last^Atmual Reports further develop¬ 
ments in the investigation of detonation have been made by 
'['. Midgley.®* According to Midgley “ pinking ” is due to a high- 
pressure high-vclocity wave striking the cylinder walla. In any 
explosive wave a difference of pressure exists between the front 
and rear of the wave, jnd above a certain critical pressure in the 
»!ar this pressure difference becomes very great, the explosion 
becomes a dotonatuig one, and knocking is caused. Midgley’s 
• anti-knocks,” such as diethyl selenide and tetra-ethyl lead,'® act 
by reducing the velocity of combustion, and except that the 
materials are not unchanged at the end of the action, appear to act 
eatalytically. The property of retarding knocking appears to bo 
a function of the element rather than that of the groups attached 
to it, though the attached radicles have n»difying effects. In 
distinction from the anti-knocks there are substances which induce 
knocking, the alkyl nitrates and nitrites being especially hetive in 
this way. 

Attention has been paid by J. H. James and*!?. C. Zeisenheim" 
to the use as fuel of oxidised kerosenes and similar products. These 
oxidised fuels are believed to undergo particularly good combustion,* 
and they show lower detonation tendencies than straight hydro¬ 
carbon fuel. On the other harrd they gave heavy yields of gum, 
but this gum is mostly in the fraction bbiling above 300° C. The 
experimenters claim that the oxidised fuels are eminently suitable 
for kerosene engines .-uid for blending with petrol. 

Development of the use of alcohol as a fuel, either alone or 
blended with other materials, is reviewed in other sectioi^ of these 
reports. * 

As far as blends with petrol or other mmeral oil fractions come 
under discussion little progress has been made dm-ing the^j^ar, the 
chief point being the continued search for suitable agents to aid the 
miscibility of petrol and 96% alcohol. No striking discoveries 
have been made up to the present. W. R. Ormandy and B. C. 
(haven" suggest a means for expressing the mixing value of' 
different substances in terms of the change of separation point, the 
quantity of mixer added, and the volume of alcohol. 
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A comprehensive paper read by H. Moore®^ deals with most of 
the difficulties encountered in burning heavy fuels in heavy-oil 
engines, and should be consulted by those fiiterested. 


Lubricants and Lubrication. 

t 

T. E. Stanton,®® in an mteresting paper read before the Inter¬ 
national Air 0ongre.9s, London, 1923, discus.scs the nature of 
lubrication in ongineorhig practice. There are two essentially 
different kinds of lubiication, that knoivn as the Reynolds type in 
which the film of lubricant is hundieds of molecules thick, and 
that termed by W. B. Hardy “ boundary ” •lubrication, in which 
lubrication is a function of the nature of the surfaces and the 
chemical constitution of tlie lubricant. The scientific ami 
oconomie importance of the investigation of boundary lubrication 
is obvious. For this purpose Stanton has used an apparatus in 
which the experimental bearing is contained in a housing suspended 
pendulum-wise in such a manner as to allow adjustment in a direction 
at right angles to 'the plane of the swing. Pressures are thus 
symmetrical on either .side of the plane of oscillation. The total 
arc of contact is 45° on either side, and to approximate to the supply 
of lubricant to a w^rm gear special grooves are cut in the 90° arc of 
the bearing and similar grooves at right angles to them on the 
4 suilacc of the journal. The results of Stanton’s experiments show 
that with the pendulum apparatus the characteristics of lubricants 
can be investigated rapidly and conveniently. An important 
conclusion is that the lub^rication of all details in which the relative 
motion is reciprocatory is of the boundary type, and efficiency in 
lubrication may therefore be looked for in the direction of altered 
chemical composition. AU recent work tends to confirm this'view 
on the dependance of lubrication on physico-chemical considerations. 

A. E.,Dunstan and F. B. Thole®® arc of tlie opinion that the 
property of “ oiliness ” in* mineral oil lubricants is due to the 
reactive unsaturated constituents which act by entering into 
physicS-phemioal union with the solid faces lubricated, forming new 
composite surfaces of lower surface energy and thus opposing less 
resistance to shear. This is fully in accord with Hardy’s views, 
and is confirmed by the great activity of free fatty acids in increasing 
' the lubricating value of mineral oils. 

In order to make the results of tests of “ oiliness ” carried out on 
Friction-testing machhies more intelligible and of general application, 
W. H. Herschel™ recommends the adoption of the method of 

«' 

67 J., 1923, 134a. 

J. Inst. Pet. Tech.t 1923 , 9, 260 . 

*6 Chem. and Met. Eng., 1923 , 28 » 299 . 
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reporting tests in use at the Bureau of Standards, Washington. 
Replacing in Sommorfold’s equation the film thickness of a 
concentric journal, by 2J, the difference in diameter between 
bearing and journal, Hcrschel obtains what he calls Somfherfeld’s 

criterion ^ ( 9 ^) takes into account the eccentricity 

of a journal in its bearing. Hcrschel recommends that the 
viscosity i; should be taken in poises, p in dynes per square centi¬ 
metre, and d and A in any convenient unit. When the clearance 
is miknown 2 A Id should be taken as 0 001, a not unusual value. 
IJsing this method nitli a friction-testing machine of the Cornell 
type, Herschel'^ comes to the conclusion that the material and 
^ootlmess of the bearing and journal have a greater influence 
than the nature of the lubricant and that journal friction-testing 
machines arc not convenient for testing oilincss owing to the change 

of clearance with wear. 

• 

M. I). Hersey’^ describes experiments on the important subject 
of the viscosity of lubricants at high pressures and temperatures. 
The apparatus employed was a rolling-ball viscometer modified for 
use at high pressures. At low temperatures the visohsity curves 
for mineral oils ascend very steeply all the way, whereas with fixed 
oils there is a preliminary gradual slope. At rt)0° 0. both classes 
show a more gradual increase. 

In the manufacture of lubricating oils the use of high-speed 
centrifugal separators for removing wax continues to find favour 
and is strongly advocated by L. C. Welch.™ The Sharpies 
Company’* continue to improve their processes for this purpose. 
J. Maremsson and F. Bottger’'' show that lubricating oils may be 
prepared from lignite tars by condensation with zinc chloride or by 
heating under pressure, but the oils obtained rapidly fall off in 
viscosity with increase of temperature, and have high saponification 
and iodine values. • 

The necessity of maintaining a high standard for transformer oils 
is well known, and F. Schwarz and J. Marcuason’® recommend as a 
test for these oils a modification of Holdo’s determination of the 
'■ tar number,” which is the amount of material extractable by 
alcoholic caustic soda solution after subjecting the cil to'a period 
of 50 hours’ heating at 160° C. E. Casimir"’ supports the value of * 

and Met. Eng., 1923, 28. 594; J., 1923, 539a. 

’V. Inst. Pet. Tech., 1923, 9, 218a. 

”/5«l.,*1923, 8, 95 a. 

’‘E.P. 191,750; J., 1923, 703a. 

’’^Mitt. Materialpruf., 1922, 40, 250; J., 1923, 300a. 

• ^‘Petrokum, 1922, 18, 741. 

• ”lbid., 1923, 19, 763 ; J., 1923, 878a. 
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this test. G. Bmhlmann’® discusses the adoption of a new “ solidi¬ 
fying point ” test for transformer oils. In this connexion it is to be 
noted that the British Electrical and Allied Industries Researph 
Associat'ion’® in their report consider the existing Michie and 
B. T. H. evaporation teats and the Archbutt cold test satisfactory. 

G. L. 01ienais®“ has investigated current “ deraulsibility ” tests 
and considers the vacuum steam test and the more precise Conradson 
test as suitable for detecting the presence of substances which 
would be liable to promote breakdown of lubricating oils under 
practical conditions. 

B. E. Wilson and E. P. Wylde have in\;estigated the behaviour 
of solutions of lubricating oils and volatile solvents and classified 
the oils chosen according to their tendency to absorb benzene, 
hexane, and cyclohexane. The results obtained have obvionii 
important practical bearing. 


Wax. 

F. Francis, G. Mi Watkins, and R. W. Wellington®^ continue 
their studies of paraffin wax, and have separated from a particular 
wax of Scottish origin seven fractions of melting point varying 
from 44’9° to 66'G C. and molecular weight risirg from 325 to 434, 
which they consicler to bo pure hydrocarbons. A. Griin and 
E. Ulbrich®® have obtained increased yields of insoluble fatty acids 
‘from 36-5% to 61-7% by passing very large volumes of air 
(1200 litres per hour) through molten paraffin wax. Apart from 
these investigations little has been done towards elucidating the 
composition of paraffin' %vax or stod 3 Tng its possible chemical 
transformations. 

It is a well-known fact that the presence of colloidal solids,"^ and 
particularly of asphaltic substances, seriously hinders the separation 
of crystalline paraffin wax from heavy oil fractibns. The presence 
of even ‘small quantities qf protective colloids also impairs the 
efficiency of the sweatmg process for purifying paraffin scale. For 
the pu»p 08 e of overcoming these difficulties C. F. Kennedy*^ and 
T. C. Ifelbridge®® recommend washing with soap solution the 
waii-containing oil and the w'ax previous to sweating respectively. 
By thesq means the wax is more easily separated and the crystals 
. obtained are larger and more uniform. 

Pet, oleum, 192,8, 19, 69; J., 1923, 299a. 

3. Inet. Elect. Eng., 1923, 61. 661. 

« Ind. Eng. Chem., 1923,18, 690 ; J., 1923, 810a. 

“ Ibid., 1923,15, 801 ; J., 1923, IOOSa. 

“ Ohem. Soc. Trans., 1922, 128, 2804 ; J., 1923, 173a. 

“ Z. angew. Chem., 1923, 36, 126; J., 1923, 299a. 

“TT,S.P. 1,439,171 ; J., 1923, 216a. 

*“U.S.P. 1.438.985: J.. 1923. 2inA. 
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H. Stinnes®® obtains stable wax-like substances irom crude 
luontan wax, which normally is dark coloured and brittle, by 
chlorination, cither dirtct in dilute alkaline medium or by means of 
hy^ochloric acid and potassium chlorate. 

Natueal Gas. 

Each year continues to .see considerable growth of the exploitation 
of natural gas, and it is particularly significant that more and more 
attention is being paid to the possibility of utilising natural-gas 
hydrocarbons for the production of new products. In the mean- 
tjpie the most important developments are still connected with 
stripping gasoline from the gas, and according to I. R. C. Cantelo ^ 
ppor gases containing as little as a quart of recoverable gasoline 
per 1000 cub. ft. are being successfully treated. Most of the 
gasoline recovery in the U.S.A. is now carried out on a large scale, 
and E. G. Siovers .states that the majority of the small plants are 
beiTig consolidated, as it is hardly profitable to produce less than 
MWO gallons of gasoline per day in a single plant. 

Burrell’s method of stripping natural gas ivitfi the aid of’activated 
charcoal continues to find favour. W. Friedmann*® and,Meister, 
Lucius, und Briining®® have devised a continuous plant for the 
purpose which avoids the need of removing the «harcoal for revivi¬ 
fication. Most of the natural-gas gasoline, however, is still 
obtained by compression methods, though a combination of liquid, 
absorption and compression is now commg into favour.®^ Amongst ■ 
the improvements in the liquid absorption process may be men¬ 
tioned that of E. A. Staiko,®® who obtains intimate contact by 
passing both gas and oil into the suction side of a centrifugal pump, 
and J^^hose of C. C. Reed®* and E. S. Mcrriam,®® who attempt to 
make the process continuous. 

Natural-gas gastjine tends rapidly to go off colour and become 
sour, and D. B. Dow,*®in a description of known methods pf purify¬ 
ing this gasoline, lays considerable \i%ight on the value of the 
caustic soda solution of litharge known as “• doctor ” solution. 

In the Rivadavia field W. ftiedmann®* has attempted to utilise 
waste natural gas in place of steam for distillation purposes, and has 

**E.P. 199,073 ; J., 1923. 818a. 

’’Can. Chem. aii'i Met., 1922, 8, 177, 190. 

** Chem. and Met. Eng., 1923,88, 297. 

“Petrokvm, 1923, 19, 307 ; J., 1923, .538a. 

"“E.?. 187,223; J., 1923, 380a. 

*' Sievors, loe. cit. 

‘»Cr.S.B. 1,439,921; J., 1923, 704a. 

“U.S.P. 1,450,570; J., 1923, 704a. 

'‘D.S.P. 1,457.780; J., 1923, 704a. 

“ Nat. Pet. News, 1923, 18, 99. 
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had successful results in treating strongly emulsified oils by its aid. 
These oils, containing 30% of water, arc otherwise undistillable. 

Though it is true that more and more attention is being paid ,to 
the utilisation of oil-field gas, there is in many fields an inordinate 
production of gas, and this leads inevitably to an unnecessarily 
rapid exhaustion of the petroleum-bearing strata. To the loss of 
pressure in the wells duo to this cause J. Strijow®’ ascribes the 
diminished production or exhaustion of many of the Grozni strata, 
and the same thing applies in many other fields. It is obvious that 
steps will have to be taken to prevent the free escape of gas or to 
return it to the producing strata.®" 

The U.S. Bureau of Mines has carried out large-scale exjierimentn 
on the use of highly volatile, natural-gas gasoline as a refincrv 
refrigerant for cooling wax distillates. L. G. Wyant"" gives « 
working description of the plant, which appears to offer consider¬ 
able promise of providing a cheap and in many cases readily 
obtainable cooling medium in place of the usual ammonia or car¬ 
bon dioxide. The only disadvantage istherisk of fire, which, how¬ 
ever, should not be great. « 

The use of highly volatile hydrocarbons for this purpose is not a 
novelty.' According to J. Bryson and Thompsonthis method 
was in use in the Scottish refineries over fifty years ago and in 
1881-4 was commoh ]iractice in Scotland, spirit of sp. gr. 0'6G being 
successfully used. 

lle'ium in Nahtml Gat. 

According to J. (.!. McLciman*"^ the production of helium from 
natural gas in the F.S.A'. amounts to 30,000 to 40,000 cubic feet 
daily. Of the natural ga.ses within the British Empire, those from 
Ontario and Alberta arc richest in helium with about 0<3%, 
while the helium content of the Heathficld, Sus.scx, gas is 0-2% and 
that from Bath springs 0-1.5%. In Texas gase.', arc know-n which 
contain l'-2% of helium, i^eliiim is particularly suited for filling 
air-ship envelopes, as it is non-inflammable and has a lifting power 
only 8% lower than that of hydrogen. It can be mixed with 
hydrogeri to the extent of 1.5% without the mixture becoming 
expLdsive. 


* Otlin ComtiUienfs of Nahiral Gat. 

Although commercial processes for the production of products 
such as methyl alcohol and its derivatives from methane are still 

Grozni pet. Imt., 1928, 6-8, 0 ; J.I.P.T., 1923, 9, 272a. 

" CJ. A. B. Thompson, “ Oil Field Waste,” J. hint. Pet. Tcth. 1923, 9 
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wauting, much work continues to bo done on the subject. T. S. 
Wheeler and E. W. ^air*® have proceeded with investigation on 
tJ»s oxidation of hydrocarbons, particularly with a view of obtaining 
formaldehyde from methane. They show that slow oxida'lion and 
a short time of heating are the chief factors in obtaining a good 
yield of formaldehyde. A. Schleede and C. Luckow have 
published a detailed study of the chlorination of methane, when the 
two gases are pas.sed through electrically-heated quartz tubes. 
Direct chlorination to methyl chloride, without the formation of 
higher chlorides, may, indeed, be regarded as successfuUy accom¬ 
plished,'”^ and attention is now being turned to the replacement of 
riie chlorine by hydrexyl. R.H. McKee and S. P. Burke '””discuss 
the mechanism of the reactions involved in this hydrolysis, and have 
(Attained results with calcium hydroxide which give promise of 
commercial possibilities. Working at 350° C. the best yield was 
07% of methyl alcohol. 

Damiens*”® has studied the absorption of ethylene by sulphuric 
acid in presence, of catalysts, the best catalysts being cuprous 
Salta. Under different conditions alcohol, diethyl sulphate, and an 
oil having the properties of petroleum are formed. 


PiTCit, Asphalt, Shale. 

Asphalt. 

Air-blown asphalts derived from residual oils have been manu¬ 
factured for many years, air and steam being blown into the 
residue at 270°-.300° C. for ten to twenty hours. D. Holde and 
kS. Weill*”* have examined such pitches blown at high temperatures 
and«3nd their saponification values to increase with rise of melting 
point. The saponification values are much higher than those 
generally accepted'. 

Under the action of heat sulphur hajt the same condensing effect 
on asphalt ns oxygen. Until recently sulphurised asphalts have 
been completely displaced from the market by blown i-sphalts 
owing to the smaller cost of production of the latter, but H. Bumice*”” 
has reopened the treatment for Roumanian oils, the resulting 
bitumen being claimed to be of particularly good quality. In 
treating residues from typical Roumanian crude oils 1-^% of. 
sulphur is required. 

J., 1923, 81t. 
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F. Hansgirg and J). Sander ““ give an interesting account of 
extensive deposits of bituminous marl in Ismid, Asia Minor. The 
strata are 260 metres thick and there is an bstimated quantity of 
workable marl of 360 million tons, of which the bituminous content, 
with and without oil, varies from 5 to 20%. 


Shale. 

J. Takaha.shi*'“ has examined the marine kerogcn shales of Japan 
and considers the kerogcn to bo different from that of ordinary 
oU-shale. The shales themselves are regarded as dehydrated and 
partially debituminised sapropelic ooze. 

Little advance has been made in the treatnteni of oil shales, an3 
all attempts to develop an extraction process for removing the 
oil-producing organic matter have proved unsuccessful. Even o5 
the expeiimental scale no true solvent has been found capable of 
extracting the kerogen, though R. H. McKee and R. T.Goodwin'^* 
have found that after treatment with such substances as sulphuryl 
chloride or selenium oxychloride, alcohol will extract as much a^ 
60% of the volatile matter. This effect is probably due to 
chlorinatjon. 

Petroleum, 1923, 19, .570 ; J., 1923, 7,-j7a. 

Rep, Uni^. of Japan, 1922, 1, 09. 

Ind, Eng. Chrm., 1923, 15. 313 ; 1923, 



nOLOURlMJ MATTERS AND DYES. 

By Jambs Baddiley, 

Brilish Ihimiuffs Corporation, llanchoslcr. 

Viewed from the financial and economic standpoint, tho past year 
can best be described as a lean one for the British dyestuff industry. 
This was more or less to be expected, of course, with all the con¬ 
ditions operating in iifi adverse direction, vali.es declining, the 
textile trade in a statti of unprecedented slump, and export business 
almost entirely excluded on account of the advantages given to 
flie German producers by tho exchange factor. It must be said, 
however, that there were distinct signs of improvement, towards 
the close of 1923. Bor one thing the recent efforts to stabilise 
th* niaik are rapidly le.ssening the exchange handicap, and, 
^hough the position is .still confusing, the increase in dyestuff 
exports, as shown by the Bo.ard of Trade rotbrns (19,486 cwt. for 
December, 1923, as against 736Ccwt. for December, 1922) is a 
very encouraging sign. The outlook, therefore, has bnghtened 
in one direction, but on the whole the eonditicyis prevailing have 
been a severe lest for an inf.ant industry, even with the assistance of 
such protection as is afforded by the Dyestuffs Act. This very, 
])rotection, indeed, has its drawbacks for political reasons. No 
industry comes ,so much in the limelight as the dyestuff industry, 
no industry compares with it as “ good ,copy ” in the eyes of the 
Press. Public controversy, as though by magic, increases in 
acerbity tho moment it switches over to tho dyestuff question. 
The result of this .state of affairs is that a political bias is given to 
any discussion of ijjie question which cannot fail to have a deplor¬ 
able effect. A certain section of opinion exists—^though qot among 
the large dyestuff consumers, it should be said—^which adopts a 
more and more prejudiced outlook on this difficult question, and 
the whole raison d’Urc of the industry which we are slpMy and 
painfully building up seems to bo thrust into the background. 
Even the more logical minds are affected to some extent by 6on- 
templation of the possibilities of free trade in dyestuffs, could it be 
restored. However, the Dye-stuffs Act is not the only obstacle to' 
unrestricted traffic in dye.stuffs, and the interruption of deliveries of 
German dyes resulting from various disturbances in Germany’s 
economic life which have occurred recently, has brought home onob 
more the danger of being in a dependent position. 

One thing, however, has been noticeable during the past year— 
namely, that the discontent of the dyestuff consumer has settted 
d(fWn on the one point of price. With regard to the quality of 
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British-made dyes, and their ever increasing range, there have 
been general expressions of satisfaction. Mr. Sutcliffe Smith, in 
his statement to the Aimual General Meeting of the Colour Users’ 
Association, on June 19, 1923, stated that there was no reason to 
doubt the claim of the British makers that they are producing 
80% of the colour used in this country. This impression has been 
generally confirmed by important dye users; lhat is to say, the 
position now is just the reverse of the position before the war, when 
80% of the country’s dyes were imported from abroad. The fol- 
lowijrg estimate for the year 1923, based on the figures available 
up to the time of writing this report, bears out earlier impressions ;— 

Dyestuffs supplied from reparation .. 1,800 Iona. 

,, „ „ lieonsod imports .. .. 1,200 tons. 

3,100 ions. 

Estimated tofnl eonsumption of dyestuffs in the U.K. 13,000 tons. 

The whole point of view of the consumers is very plainly staged 
in the Report of the Colour Users’ Association, previously referred 
to. The other poinv of view on the price question—that of thh 
dyestuff manufacturers—-has been very forcibly expounded by Sir 
William “Alexander in his speech at the Annual Meeting of the 
British Dyestuffs Corjioration (see Press of July 11, 1923). Those 
interested in this question should read carefully the two speeches 
referred to. 

The general opinion, therefore, is that progress—^that is to 
say, technical progress—is bemg made. The British dyestuff 
industry still requires nursing, but is gradually achieving its first 
object, namely, to render this country substantially independent 
of foreign dyes. The next object, which is to put the industry in 
a flourishing condition, depends again on technical progress,* not, 
however, merely in the direction of doing what the Germans had 
done before, but in the direction of discovery add invention, which 
will give “the industry profik-eaming power altogether independent 
of protective legislation. There is some evidence in the literature 
review Svhich follows that a start is being made in this direction. 
In reviewing the published results of technical progress made 
during the past year one is struck, however, by the fact that the 
Germans are qlmost back to their pre-war level as regards output 
■of inventions. There is evidently to be no slackening of effort 
on their part, and things are not going to be easy for their 
competitors. 

DyESTUiT Intermediates and Related Substa«ces. 

Work published during the past year appears to have been 
mainly along lines established before the war. Azo dyes, v^t 
dyes, and their special intermediates account for the bulk of Mie 
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patents. On aoeoiflit of the vast increase in the*dyestnff-pro- 
ducing capacity of other countries, it was generally expected that 
when German colour»firms got into stride again after the war, 
efforts would ho made to find fresh fields for development. Some 
of the lines of manufacture which would naturally link up with 
experience in the production of dyestuff intermediates had already 
been adopted, however •— photographic and pharmaceutical 
chemicals, for example. 

Theie arc some signs of a new departui’o on the part of dyestuff 
firms in the rush of patents for methods of making synthetic resins. 
Meister, Lucius, u. Briming has a scries of patents for improve¬ 
ments in connexion with the phenol-aldehyde type of resin,* in 
iSany of which liydroxycarboxylic acids are used instead of the 
simple phenols. The same firm is working upon a new type of 
iif)luble rosins obtained by the condensation of amines such as 
a-naphthylamine, xyUdine, etc., with formaldehyde or jcetalde- 
bydo.“ Akt.-Ges. f. Anilinfabr. has also entered this field with a 
seiiics of patents for the production of resins from tetrahydro- 
ijaplithol condensed with formaldehyde or acetaldehyde.® It is 
interesting to see m this i)atcnt literature hOw the mind of the 
dyo.stuff technologist applies itscU to another industry. The 
general tendency in the synthetic rosin industry seems, however, 
to bo in the direction of using loss expensive r|iw materials; for 
e.xam])le, in the usual formaldehyde-phenol reaction the formalde¬ 
hyde is replaced by thionyl chloride,® by sulphur,® or by chlorine.® 
Going further still in the direction of cheapness, resins have been* 
prepared by the apydication of polymerising reagents to hydro¬ 
carbons, e.g., naphthalene,* or even by the polymerisation of 
acetaldehyde.® 

An hitcresting, though sbiistcr, side-line of the dyestuff industry 
has been the manufacture of toxic material for warfare. Meister, 
Lucius, u. Biiinin^ is beating swords into ploughshares in a sig¬ 
nificant way (this process is always reversible) in a series of patents 
relating to thiodiglycol, S(CH 2 ‘CH 2 ’OH) 2 . This product’ was, of 
course, an intermediate stage in the manufacture of “ mustard 
gas ” as carried out in Germany. It now appears to fiijd many 
applications, but it must first be made odourless.® Thiodigjycol 

»G.P. 364,041-4; G.P. Appls. F.50,061, F.50,965, P.50,976. P.50,9'77 ; 
G.P. 370,605, 305,286, 374,379, 358,401, 357,757, 364,040, 357,758, 362,382 ; 
G.P. Appls. P.46,026, F.49,800. 

® G.P. Appl. F.47,166 ; G.P. 305,026, 372,855, 359,076. 

® G.P. 356,223, 356,224, 358,400, 358,399. 

‘ Meister, Lucius, u. Briining, G.P. 362,383. 

‘ Soc. qjiom. Ind. Basle, G.P. Appl. B.98,547. 

“ Chem. Fabr. WeUer-ter Meer, G.P. 355,173. 

' O.P. 380,677 ; G.P. Appls. F.25,805, C.27,616. 

•G.P. Apple. C.29,230, C.31,249; E.P. 187,619. 

• G.P. 362,446, 369,424-6. 
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oaa then be used for a variety of industrial purposes, e.g., as a 
solvent for printing colours,and as a softener for synthetic 
resins.'* Many derivatives of thiodiglycoJ, suitable for use as ■. 
solvents' etc., can bo prepared by condensing it with aldehydes 
ctc.“ The formaldehyde condensation jnoduct can be used in the 
preparation of Alizarin lakes 

Fungicides, insecticides, and weed-kiUers have become another 
side-line with certain dyo.stuff manufacturers. The products 
described in the jKitent literatim^ arc all more or less linked up 
with dyestulTs intermediates.*'' 

Some of the ramilications of the industry seem vciy curious, 
but the explanation is simple. Speaking generally, the manufac¬ 
ture of dyestuffs themselves has not called forth anything like the 
same effort as has the technical irreparafion of the reciuired inter¬ 
mediates. Thus when Perkin discovered mauve in 1856, aniline 
was a comparatively rare chemical, and as the d 3 'estuff industry 
developed one of its first problems was the industrial production 
of aniline oil. As new dyestuffs were discovered the rapid' de¬ 
velopment in the ,techni(pie of the manufacture of the ever- 
increasing range of intermediates gave the dyestuff industry a 
commandiug position with regard to aromatic organic products in • 
general and a large portion of the ali])lmtic field also. Glyoxal is an 
example of a profmet for which previously there has not been any 
industrial demand, but evidence of a new interest in this substance 
is found in the Weiler-ter Mcer patent for its jrroparation by 
treating tctrahalogcnethane with oleum in the presence of a salt 
of a heavy metal .such as mercury.*^ Production directly from 
acetylene by the action of a halide salt of a polyvalent metal, pre¬ 
ferably gold, is proposed by K. Kindler.** Possibilities in con¬ 
nexion with industrial uses of glyoxal are indicated in a pafpnt of 
Meister, Lucius, u. Briining, which claims its conversion to tetra- 
hydroxyquinonc by the action of alkalis in the presence of 
air.*'* 

Sometimes supply comes before demand, especially in the case 
of organic by-products. Thus we see attempts being made to 
find outlets for cymene in connexion with dyestuff manufacture. 
Fm?ural is another material for which outlets are desired in the 
organic chemical industry.*® 

"> G.P. Appl. F.49,078. 

** G.P. 370,005. 

G.P. 360,980, 365,170, 365,171 ; U.S.P. 1,422,869. 

“ G.P. Appl. P.46,592. 

•♦'ap. 343,864, 365,169, 376,718; G.P. Appl. F.52,685 ; G.P. 343,866 ; 
G.P. Appl. 11.107,038. 

G.P. 362,743. 

'» O.P. 362,745. 

« G.P. 370,222, addition to G.P. 368,741. 

'• CTiem. Trade J., 1923, 756. 
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Two further roferenoes will be quoted to show how widespread 
are the interests of the dyestuff industry. Meister, Lucius, u. 
l^ining has patent^ the preparation of organic acids by the 
action of nitric acid on materials of vegetable origin, suck as coal, 
lignite, etc. The acid products obtamed arc stated to be capable 
of finding application, jiarticularly in the paper, leather, and 
dyeing trades ; also in the preparation of colloidal metal solutions 
for pharmaceutical purposes.’* The Badischc AniUn u. Soda 
Fabrik has taken out a patent for the preparation of drying oils 
by the action of phosgene on aliphatic or hydroaromatic hydro¬ 
carbons in the presence of aluminium chloride. 

• A side-line in the dyestuff industry of recent origin is the manu¬ 
facture of synthetic mordants which take the place of natural 
yinnins in the fi.xation of basic dyes. These products, which have 
affinity for cotton, are suljAur condensation products of phenols. 
Recent developments in connexion with their manufacture are 
published by P. Bayer u. Co.** Meister, Lucius, u. Btiining has 
alSo entered this field with a patent for the condensation of sulphur 
•diloride with I’henols. Products are obtained which possess 
mordanting properties.” 


Htilotjen llmniimmis. 

'I'he most interesting development under this heading is the 
work by J. Schmidlui ((Ias.sella und Co.) on polychloroaldehydes,* 
which find application in the preparation of triphenyhnethane 
dyes of the Eriochrome Azmal type (sec later under dyestuffs). 

A. Wahl and Soe. Anon, des Maticres Colorantes et Prod. Chim- 
iques projmse to obtain pure o- andp-chlorotolucne bysulphonating 
the •mixed ehloiination product of toluene. The o-chloro com¬ 
pound sulphonates in preference to the jtara, and the latter is thus 
obtamed in a purt; state. Pure o-chlorotolucne is then recovered 
from its sulphomc acid by hydrolysis^** 

A new general method of chlorination of organic compounds by 
means of sulphuryl chloride, in conjrmction with abminium 
chloride and sulphur chloride, is patented by 0. Silberrad and 
A. Boakc, Roberts and Co.** 

Durand et Huguenin has described an interesting new reaction 
in connexion with the chlorination of primary aromatic amines.* 
If the amine in the form of its hydrochloride is suspended in an 
indifferent medium and treated with chlorine, very highly chlorin- 

’• G.I>«Appl. F.48,80». 

“ ap. Appk. P.50,137, F.60.623, F.49,224. 
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ated products are obtained : for example, aiiiline by this method 
gives the compounds^*;— 
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Sulphonalhn. 

By acting on acylaminos with chlorosulplioiiic acid B. N. Johusmi 
and S. Smiles have obtained sulphonyl chlorides. These sub¬ 
stances have the same configuration as those of the sulphonic aci^s 
obtained from the acylamine with suliihuric aeid.^^ In this con¬ 
nexion Compare the action of chlorosulphonic acid on aromatic 
amines, shown by J. Baddiley, J. Paynian, and H. Wignall,^® to 
give o-sulphonic acids under cortaui conditions. ' 

An improvement in the manufacture of aromatic suIphochloridM 
is claimed by Chem. Pabr. Weiler-ter Mecr ; instead of the custom¬ 
ary excess Vif chlorsulphonic acid, only one etiuivaleut is used plus 
an equivalent of SOji—RH [-C 1 S 03 H-|-S 03 =R’S 02 C 1 -I-H 3 S 04 .‘^' 

Amines. 

Much work has been done on the catalytic reduction of nitro 
compounds (see later under catalysis). Commerical reduction by 
means of sodium amalgam is proposed by W. G. Adam, N. E. 
Siderfin, and D. G. Murdoch (Gas Light and Coke Co.), particularly m 
connexion with the reduction of nitro compounds to hydrazo com¬ 
pounds, i.e., for the synthesis of benzidine etc.** Provided' that 
there are no technical difficulties, and that the yields are com¬ 
parable, this process would appear, on the face of it, cheaper than 
the usual method of usingizinc dust. It is not made clear, how¬ 
ever, what advantage is achieved by making the sodium amalgam 
separately in the electrolytic cell and then bringing it into contact 
witl) the nitro compound, as against the apparently simpler process 
of llireot electrolytic reduction with the nitro compound itself in 
the cell. , 

The direct introduction of amino groups is a problem which has 
always presented interesting possibilities, economic and otherwise, 
to the dyestuff technologist. A. E. Tschitschibabin has succeeded 

« E.P. 193,843, 198,676. 

“ Chem. Soc. Trans., 1923, 188, 2384. 

“•E.P. 175,019. 

« O.P. 386,049. 

••E.P. 200,167. 
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in doing this in the case of bases of the pyridine and quinoline 
series, the reagent used being sodaraide. The amino derivatives of 
tljpsc bases might fiift apjdication in dyestuff synthesis.^* 

Apart from the references mentioned, receni technical work 
in connexion with aromatic amines ha.s been mainly in the direction 
of new syntheses of N-siib.stituted derivalives. Chem. Fabr. Weiler- 
ter Meer obtains alkylated amines by the reduction of alkylidino 
compounds with zinc and sulphur dioxide ; for example, ethyl- 
aniline can be obtained in this way from acetaldehyde and aniline.^ 
Another method for making monoalkylamines, based on reduction, 
is that of Fhem. Wi^.-ke (lrenza<!h, in which imino ethers, 
ft-Cf: NH)OKt, a i'erwducedelectrolytically.^' Dimethyl amines are 
obtainiible, according to Kalle und Co., from phcnylirnino-diacetic 
a*ids, PhN : (CHj-COjHlj, or their ring-substituted derivatives by 
heating them with ferrous salfs.’^ A new type of substituted 
amine is suggested by the Akt.-Oes. f. Anilinfabr. patent for the 
prc()aration of cyclohexylamines by condensing aromatic primary 
or secondary amines with cyclohcxanol in the presence of zinc 
etihjride,’^ 


Pheiwln. 

Of the three main technh'al methods of introducing the hydroxyl 
group into aromatic compounds, i.e., replacement of the sulpho, 
halogen, and diazoniiim groups respectively, there has been no 
published progress with regard to the first. An interesting obser¬ 
vation, however, has been made with regard to the second method 
by K, W. Rosenmund, K. Luxat, and W. IVdematm in an investiga¬ 
tion on the effect of ultra-violet rays on the reactivity of halogens 
in the ring of aromatic compounds, both m the presence and 
absence of catalysts. The effect of ultra-violet rays was found 
to be very marked^ for example, on boiling p-chlorobenzoic acid 
with 35% caustic potash for (i hours in the jiresence oi copper 
only 0% of the chlorine was split off,*whiLst if the reaction was 
carried out in a quartz vessel exposed to the rays the whole,of the 
chlorine was replaced by hydroxyl.^^ An improvement fin con¬ 
nexion with the third method of introducing the hydroxyl gRmp 
(by replacement of the diazonium group) has been patented by 
H. H. Hodgson and The British Dyestuffs Corporation, Ltd.,who 
find that by continuously steam-distilling off the m-chlorophenol 
from decomposing diazochlorobenzene high yields of the chloro- 

“ Chem. ZerUr.. 1923, 94, III., 1020, 1026 ; G.P. Appl. T.19,686. 

“G.P. 347,013. 

G.P. 300,529. 

“ G.P. 375,463. 

G.P. Appl. A.36,571. 

rf‘Bcr„ 1923, 86,1950. 
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phenol are obtained.®® w-Chlorophenol gives tne hitherto unknown 
nitroso compound when treated with nitrous acid.®® 

A method for the direct introduction of'che hydroxyl group in < 
the cash of pyridine, quinoline, and their homologues is described 
by A. E. Tschitschibabin. These substances are heated with very 
carefully dried and finely powdered caustic potash. Hydrogen is 
evolved and the hydroxyl group enters the ring in the o-position 
to the nitrogen atom.®’ 

According to the Chom. Fabr. auf Actien vorm. E. Schering, 
improved results are obtained in the manufacture of quinol by 
reducing quinhydrone by means of a ferrous salt in the presence of 
an oxide, hydroxide, or carbonate of magnesium, zinc, mangancije, 
or iron. The quinhydrone can be obtained from quinone by the 
usual reducing agents.®* Quinone itself has usually been prepared 
by the chromic acid oxidation of aniline. It is now proposed by 
the Byk Guldenwerke Chem. Fabr. A.-G. to replace a portion of 
the expensive chromic acid with pyrolusite.®® The chsctrolytic 
oxidation of benzene to quinone and the electrolytic reductioli of 
quinone to quinol .have been inve.stigated by A. Seyewetz aiad 
G. Miodon.®® 

A patent has been taken out by N. E. Siderlin, S. B. Tallantyre, 
W. V. Shannan, and W. L. Galbraith (Gas Light and Coke Co.) for 
the preparation ol nitrosophenols by the action of nitrosylsulphuric 
acid on phenols. This method miglit ))rovc economically advan¬ 
tageous in cases where the nitro.sophenol is required for further 
condensation in sulphuric acid solution, isolation of the nitroso 
compound being thereby avoided ; for example, in the preparation 
of the indophenol from'oarbazole and nitrosophenol.®® 

Claim is made by the Badische Co. for a process for the prepara¬ 
tion of phenol in a form which will not darken. The phenol is 
boiled for some hours before distillation.®® 

A 

. Aldehydes. 

f 

Direct oxidation of dibenzyl to give benzaldchyde and benzoic 
acid & proposed by H. R. Curme and The Carbide and Carbon 
Chemical Corporation.®® 

■Of the various derivatives of benzaldchyde the w-nitro-compound 
is one of thojnost important from an industrial point of view. As 

“E.P. 200,714. 

““ E.P. 206,734 ; Ghem. Soc. Trane., 1923,123, 2499. 

” Ber., 1923, 56, 1879. 

»® Q.P. 380,503. 

•* G.P. 369,3.54. 

« Bull. Soc. Chim., 1923, 38. 449. 

“ E.P. 203,060. 

*• G.P. Appl. B.103,620. 

E.P. 197,319. 
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ordinarily prepared by the direct nitration of benzaldehyde, 0. L. 
Brady and S. Harris show that the maximum yield of pure m-oom- 
ppund is 65%of theorf, 19% of the o-compound being also formed.^* 

A now synthesis of ^-resoroylaldehyde by the action of Siphenyl- 
formaraidine on resorcinol is described by J. B. Shoesmith and 
J. Haldane.*® 

Carboxylic Acids. 

Improvements in the preparation of bcMoic acid are claimed 
by K. 0. Barstow and the Dow Chemical Co., who oxidise benzyl 
chloride with bleaching powder,*® and by R. H. McKee and 
H. C. Cooper,*’ who oxidise toluene with chromic acid. 

* The manufacture* of o-uitrobenzoic acid by distilling nitro- 
toluene with strong nitric acid is claimed by E. A. Lloyd, V. P. 
Cershon, and W. M. Grosvenor.*® 

Kalle u. Co. published an interesting process for the preparation 
of o-arainocarboxyhc acids of the benzene series by the action of 
owdising agents, especially hydrogen peroxide, on isatin and its 
derivatives.*® 

Some interesting work has been done recently in connexion with 
phenylglycino. In the ordinary process of condensing aniline 
with chloroaoctic acid, R. Nodzu and S. Komatzn have shown 
that in addition to phenylglyoinc there are formed also phenylimino- 
diacetic-monoanihde and diphenyldiketopiperazine.®® A method 
for making phenylglycine directly from aniline and trichloro-# 
ethane, without the intermediate production and isolation of 
chloroacctio acid, is one that promLse.8 to be of groat interest from 
the economical point of view. M. Wyler^nd The British DyestufEs 
Corporation, Ltd., have patented a process for carr 3 dng this out in 
one operation.®* 

Derivatives of Naphthalene. 

Under this heaSing come some of the chief dyestuff, interme¬ 
diates which have achieved importanae from the point of view of 
bulk production, yet it is remarkable how little information with 
regard to them has appeared in the literature in recept years. 
H. E. Fierz-David reviews the subject generally and giv^ an 
indication of the developments of the chemistry of naphthjflene 
in its industrial aspects.®® 

“ Cltem. Soc. Trans., 1923,123, 484. 

“ Ibid., 1923,128, 2704. 

*• U.S.P. 1,463,190. 

" U.S.P. 1,468,491. 

*• U.S.J. 1,468,715. 

" G.P. 375,616. 

“ Chetmeal Abstracts, 1923, p. 1449. 

. “ E.P. 188,933. 

t “ Z. angm, Chan., 1923, 36, 188 ; J., 1923, 421t, 429t. 
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Interest in the dinitronaphthalenes and nitronaphthylamines 
has been revived dnriiiji the year. Of the 10 possible dinitro- 
naphthalenes only four were previously knoWn (1.5, 1.8, 1.3, and 
l.C), and of these only the first two, which are direct nitration 
products of naphthalene, have any indu.strial application. 
V. Vesoly and K. Dvorak'’^ have now prepared the 1.7-, 1.4-, and 

1.2- dinitronaphthalencs, the. first two from the. corresponding 
nitronaphthylamines, the last by dehydrogenation of ar-1.2-dini- 
trotetrahydronaphlhalene (nitration product of tetralin). In the 
partial reduction of the dinitronaphthalcnes it was found that the 
particular nitro group attacked depends on the reducing agent 
used (ammonium sulphide or stannous chloride), just as in thg 
analogous case of 1.2.4-dinitrotaluene. In the nitration of 
aoet-;8-naphthalide V. Vesoly and M. .fakes have observed th^ 
formation of f)-nitro-2-acetnaphthalide in addition to the known 

1.2- and‘8.2-isomers.A useful summai-y of the rules of sub¬ 
stitution in the naphthalene series is given in tabular form by th(* 
same authors.'*'’ 

The interaction of. flic nitronaphthylamines with formaldehyde 
has been studied by G. T. Morgan and 1'. R. .Tones.The re.sulting 
products'are either methylonebisnitrona]ihthylamiiies or diamino- 
dinitrodinaphthylmethanes, according to the configuration of the 
particular nitrona^hthylamine used. Acridines were jirepared 
from the methane bases which had two amino groups ortho to the 
‘methylene bridge. 

A new class of )3-naphthol derivatives, the l-arylamino-2- 
naphthols, is described by A. Wahl and R. Lantz.” These 
compounds are prepared fiy condensing l-halogen-2-naphthol with 
aromatic amines. They are converted to the corresponding 
quinones, e.g., l-phenylimino-2-naphthoquinone, by oxidation by 
means of sodium hypochlorite.^'* The new aryliminonaphtho- 
qumonoa ^ive typical quinone reactions, e.g., they give sulphonic 
acids when treated with bigjilphite, and add on a molecule of an 
amine to form 4-arylamino-l-arylimino-j3-naphthoqumones.''® The 
latter rft^dily condense with a further mol. of amhie to give azines 
(see Ijiter under dyestuffs). 

Gf T. Morgan and E. .Tones®" describe the. preparation of 
)8-naphthol-4-sijlphonic acid by a new method, namely, by heating 
•naphthalene-l-diazo 2-oxidc-4-sulphonic acid with alcohol. 

« BvU. Soc. Chim., 1923. 33, 319. 

“ Ibid., 1923, 33, 942. 

‘5 Ibid., 1923, 83. 958. 

*• J., 1923, 92t. 

“ Soo. Anon, des Mot. Col. St. DonLs, E.P. 182,084 ; J., 1923, 598a. 

“Rev. Qin. Mat. Col, 1923, 28, 33 ; E.P. 191,064, 182,084, 206,150. 

“ E.P. 206,142. 

“J., 1923, 97t. 
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Inlpresting new sulphur-containing derivatives of naphthylamine- 
and aminonaphthol-ajjilphonio acids are described by H. Suida and 
Oheni. Fabr. Weiler-tcr Mcer. These are prepared by adding 
sidjihur chloride (8,01 2 ) to aqueous solutions of the sul])honic acids 
hi the presence of sodium acetate. Unstable compounds arc first 
formed which are very rich in sulphur, and these on treatment 
with alkali or with strong acids pass, with loss of sulphur, into 
more stable products. The new compounds easily form deeply 
coloured oxidation products, which in turn are easily reduced to 
the leueo state. They appear to retain the diazotising and 
coupling properties ofithe, original aminonaphthalene- or amino- 
Raphthol-sulphonic acids.“ 

Improvements in the manufacture of H-acid are claimed in 
# ])atent by (i. Porno and (1. Pelligrini.*- According to these 
investigators, it is advantageous to isolate the I .S.ti.S-nitronaph- 
thalenet risulphonic acid ])rodu<!ed by suljihonation and nitration of 
nufihtlialene, and to reduce it by means of hydrogen and a catalyst, 
^lore economical working and greater jairity of the product are 
claimed as the result of this invention. * 

An examination of the coirstitution and propertifs pf J-acid 
(2-amino-o-naphthol-7-.sulphonic acid) has been made by M. 
Pattegay and A. Wolff in an attempt to arrive an explanation of 
the substantive character of the cotton dyes made from this inter¬ 
mediate. Some of the derivatives jirepared are new. J-acid itself, 
also its diazo compound and its hydrazine, wore found to have no 
allinify for cotton. ,4n interesting fact emerged with regard to 
the liydrazones : those from nionoketjnes have no affinity for 
cotton, whereas those from a-dikctoncs dye cotton well. The 
hydrazones from the dikctoncs may be regarded os o-hydroxyazo 
derivatives, from which it may be hiferrcd that the presence of 
the azo groiiji is ajj acces,sory cau.se at- least in connexion with the 
affinity of J-acid dyes. The “ tartrazine ” derived ^rom the 
hydrazonc of J-acid (2 mols.) and ilioxytartaric acid was also 
found to dye cotton.®* 

d-Hydroxynaphthoic acid (2-hydroxynaphthalene-3-c«.rboxylio 
acid) has attained great industrial importance in recent years on 
account of the use of its anilide for the production of ice colours on 
cotton. In view of this it is curious that so many«of the isomers 
of this acid should have remained unknov 1 until the subject was* 
taken up by F. A. Roylc, C. Butler, and J. Schedler. These authors 
have prepared and described the 3-, 4-, 5-, (i-, 7-, and 8-hydroxy- 
P-naphthoje acids, and also many of their derivatives.®® In the 

« G.r. 380,578. 

“E.P. 190,114. 

• “Bull. Boe.. Chim., 1923, 33, 1481. 

CTicm. Soc. Trans., 1923,183, 1041, 1649. 
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BEPOBTS or THE PHOOKES9 OF APPLIED ofa 

" I . 

preparation of jS-hydroxynaphthoic aeid itself E. C. Shorey claims 
to obtain improved yields by continuously circulating the gas during 
the interaction of carbon dioxide and sodium naphtholate. Fr^e 
jS-naphtlfol is removed from the sphere of reaction by this means.** 

The arylaraides of ;8-hydroxynaphthoic acid have not previously 
been sulphonatcd. Meister, Lucius, u. Bruning now describes 
sulphonic acids obtained by treatment of the arylamides with 
monohydrate. No definite constitution is attributed to them, 
but they are described as giving aqueous solutions which have 
marked colloidal properties.*® 

Various new arylidcs of /S-hydroxynaphtlipic acid have come into 
prominence during the year, but these will be j-eferred to under th* 
heading of azo dyes. The colloidal character of these arylides is of 
great importance in connexion with their application to the cottos 
fibre. Under the ultra-microscope and in ultra-filtration they show 
typical cdlloidal behaviour. Solutions of ^-naphthol do not possess 
these properties under analogous conditions, and this difference will 
account for the great advantages of the Najihthol AS .series over 
j8-naphthol with regsvrd to ease of application in dyeing processesf 
i.e., Naphthol AS is applied to the fibre by padding and squeezing, 
and is developed directly without drying, whereas the ^-naphthol 
preparation requires to bo dried before it can bo developed.*’ 

« 

Miscellaneous I )ilcrm.ediates. 

Some additions have been made to our information with regard to 
the chemistry of aoenaphthone duritig the past year. The, bromine 
derivatives have been studied by R. de Eazi.** In tin. nitration 
of 3-chloro-acenaphlhene'G. Farnell finds that the 3-chloro-4- 
nitro-derivative is formed together with another product.*® It is 
only during comparatively recent times that aoenaphthene< has 
been isolated from coal tar on the industrial scale, but there arc 
indications that its chemistry will eventually Be thrashed out as 
thoroughly as was the chemistry of naphthalene in the earlier days 
of the dyestuff industry. Inc same may be said of carbazole, but 
at preswit technical progress has been mainly on the lines of the 
isolation Vind purification of this substance™ and in connexion with 
the .jfreparation of its alkyl derivatives. 

A simple method of making the latter is described by T.-S. 
,,Stevens and S.* H. Tucker.” The carbazole is dissolved in alcohol 
or acetone, to which is added an aqueous solution of sodium or 

•*tJ.S.P. 1,450,990. 

“•E.P. 1811,428. 

•’ J. Soc. Dyers ifr Col., 192:i, 39, 334. 

•• Ocaz. Chim. Ital., 1923, 58, 499. 

•’ Chem. Soe. Trans., 1923,123, 60. 

’» G.P. Appl. W.62,04.5. 

" Chem. Soc. Trans., 1933,123, 2140. 
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potassium hydi'oxide, followed by the alkylating agent, e.g., methyl 
sulphate. The reaction proceeds at, or slightly above, room tem- 
pcjature, and the yiel(f is stated to be practically quantitative.® 

A now derivative, namely, p-nitrophenylcarbazole, is JJrepared 
by G. andM. de Montmollin” by the action of nitrobenzene on the 
sodium or potassium derivative of oarbazole. Many derivatives of 
tetrahydrocarbazole are described by G. A. Edwards and S. G. P. 
Plant.’^ 

A patent for the preparation of aminophenanthrenequinones, 
by reducing the corresponding nitro compounds with‘hydro¬ 
sulphite, is sugge.stivc of new developments.’^ 

• 

Catalysis. 

•A remarkable number of patents dealing with catalysis have been 
published by Germ,an colour firms during the past year or so. These 
firms seem to have been engaged largely in developing the manu- 
faql-ure of highly .active charcoal from such raw materials as 
liptnitc. A very large number of patents have been published in 
connexion with the manufacture and use, of specially active charcoal, 
but .so far only one or two have had a direct bearing on the dyestuff 
industry. Ji'or example, E. Bayer u. Co. patents the production of 
aromatic amines by reducing the corresponding nitro compound 
by moans of coke-oven or producer gas, containing hydrogen 
sul])hide, in the presence, of porous charcoal.’® The capacity of 
some of the charcoals described for the absoiption of vapours is 
remarkably high, even under diminkshed pre.ssure ; for example, 

F. Bayer u. (!o. describes the use of absorbent charcoal for pro¬ 
tecting the vacuum pump against the aclum of corrosive vapours 
during the. distillation of p-nitrobenzoyl chloride.’’ 

Mifthyl alcohol and fi)rmaldehyde are important raw materials 
of the dyestuff industry. Various f.actors—for example, the 
synthetic mannfacftire of acetic acid—have had a disturbing effect 
on the wood distilling industry, with ihe result that the* price of 
methyl alcohol, .and crvnsequently of formaldehyde, shows a strong 
upward tendency. In consequence of this the .synthetic production 
of both of these materials has attracted a coiusiderable amount of 
attention. Recent publications refer to the catalytic production of 
fonnaldehyde from methane, from methylene chloride, and from 
carbon dioxide, and of methyl alcohol from methyl chloride.’* 

” CJ. also E.P. 192,376 ; National Aniline & Chemical Co. 

Hdv. Chim. Aota, 1923, 6, 94. 

’* Chem. Soc. Trans., 1923, 123, 2393. 

’* G.P. 173,976. 

’• O.P. Appl. F.49,396. 

" G.P. Appl. F.49,623. 

. ’*2. orapew. Chem., 1923, 36, 297; Chem. Zentr., 1923, 94, III., 810: 

G. «>. 362,746,361,042; U.S.P. 1,490,244. 
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- 'Dho catalytic reduction of nilro compounds 'has been under 
discussion for some y(!arR, but a considerable volume of literature 
on this subject is still bcuig published, pArticularly a series of 
papers ky ■(). W. Erovni and C. (). Henke, who also have filed 
patents which embwly their discoviTies, They use a wide range 
of catalysts, including thallium, lead, bismuth, tin, oxide of tin, 
amorphous red lead, etc. In the reduction of nitioben/.ene the 
process can be carried to the azoxy, azo, hydrazo or amino stages, 
according to the conditions and the catalyst used.’* 

A. Bfochet has published an account of the reduction of 
nitro-coni])ounds using a nickel catalystHe shows that reduction 
can be c.ariied out at moderate tempi'raturer and ju'cssures, e.yt, 
nitrobenzenes may be reduced iu the liquid phase : solvents maj' 
be employed in the case of a solid nitro compound. « 

The pi'eparation of /3-naphthylamine by the action of ammonia on 
jS-na))hthol in the vaiiour phase in the presenct' of a catalyst has 
been projmsed by A. Lowy and A. SI. HoMidd."' < 

Om; of the most inijiortant and recent developments in connexion 
with catalysis, so f;ir as the organic chemical industry is concerned, 
is catalytic, oxidation. The success of the ])hthalic anhydride 
process worked out in America is now wi'll-known. .4. Wohl. who 
took out ])atents for this process in (lermany"- at or about the 
same time as H, 1). (libbs in America, has now followed with a 
jirocess for tlu; ])roduetion of acids, ketones, and carbonyl com¬ 
pounds generally, u.sing metallic salts of oxygen-carryhig acids, 
e.g., sodium vanadate. The manufaotun^ of anthimpiinone from 
anthracene would a])pear,to be one of the main objects of these 
patents.*^ H. J). (libbs is also working in the field and claims to 
obtain both anthi'a(iuinone and ]jhthalic anhydride by the cata¬ 
lytic oxidation of crude anthracene, the jrhthalic anhydride being 
derived from the phenanthrenc jnesent."^ T^e Barrett Co. is 
intere.ster^ in the catalytic oxidation of aricnajrhtheire to acenaph- 
thenequmone and naphthalft anhydride,*^ also in the oxidation of 
aliphatic .sitle chains to aldehydes,““ and in the oxidation of benzene 
to give‘ipaleic acid.®’ 

A^fcatalytic oxidatkrn of quite a diflerrmt character from those 
enumerated above, and hiteresting for its novelty as an industrial 

« 

' ’m.S.l’. 1,4.'>I.489, 1,456.96!). 

Iml. MiUltmisc. 1922. 88, 7(i:!. 

“U.S.P. 1,449,423 ; lull. Kng. Chem., 1923,15, 397. 

“ G.P. 379,822. 

“ G.P. 349,089. 

“ U.S.P. 1,444,068. 

*‘U.S.P. 1,439,500. 

"E.P 189,107. 

« G.P. 365,894. 
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proposal, is that by A. Eckert. He finds that anthraquinoiie 
catalys(w the spontaneous oxidation in sunlight of toluene and its 
homologues to carboxjlio acids. The chief drawback of this process 
would be the time of o])eration, six weeks’ exposure, for example, 
being necessary in order to obtain a 40% yield of benzoic acid from 
toluene.*”* 

In the preparation of tetrahydronaplithaicne by hydrogenation 
of liquid na])hthalene und<!r pressure a mixed nickel-copper catalyst 
is claimed by the Akt.-tles. f. Anilinfabr. to be advantageous.®* 
The Ikidische Co had previously patented the use of boron and 
cliromium compounds along with nickel catalyst.s for the hydro- 
gK'iiation and dehydrogenation of carbon compounds.*“ 


• A/.o Dyhs. 

In addition to the technical j)rogress rev(aded in the numerous 
azo dye patents, the chemistry of the azo and diazo conipounds has 
refeived a certain amount (jf attention during the j)ast year. G. T. 
Jlorgan and (1. It. Davies have ])ublished a jiaper on the upper 
limits of diazotisability in the benzene series. In the ease of tri- 
aminnnu'.sitylenc they found that only two of the amino groups 
eottid he diazoti.sed.*^ G. T. ^Morgan and H. N. Head have studied 
the diazo I'caction in the earbazole series and have described 
carbazole-.‘)-diazoimine and 3-diazoniura salts.® 

Witt's method of diazotLsation in lioncentrated nitric acid ha.s‘' 
been studied by L. Elion, who finds that certain group.s (COOH, 
COCH 3 and CTIO) are sometimes displaced bj' NOj.** Erom 
further (contradictory) contributions on*this subject by L. Elion 
and by W. Eiuihs it appears that the concentration of the nitric 
acid,em]iloyed is of vital importance.*^ 

Azo deriv'atives of indoxyl have been mve.stigated by 0. Domier 
and J. Martinot,“**and azo djms from N-alkyl-a-methylcne-dihydro- 
quinolines are described by W. Konig.** Tlie.se compotinds have 
only academic mterest. 

F. I). Chattaway and H. R. Hill draw attention to the Jdrmation 
of ortho- as well as of pum-hydroxyazo-compounds during the 
coupling of phenols.*’ 

*“E.P. 182,4 87. 

" G.P. 3«9,i)4+. 

“O.P. 302,143. 

" Chem. doc. Tram., 1923,12S, 228. 

‘‘Ibid., 1922, 121, 2709. 

Bee. JTrav. Chim., 1923, 42. 14.5. 

“Ibid., 1923, 42, .511, .513. 

•** Rev. Gin. Mai. Col, 1923, 28, 05, 83. 

. "• Ber., 1923, S6, 1643. 

• " Chem. Soc. Trans., 1922, 121, 2756. 
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C. W. Porter and K. H. Ihrig make the interesting observation 
that an asymmetric dye from m-aminomandelic acid and j8-naphthol 
can bo resolved. Wool takes up the dexlro form faster thaji 
the lievfc form, indicating a chemical union in the dyeing 
process.®* 

The bisulphite compounds of azo dyes have been further studied 
by N. N. Woroshzow.** This subject has recently acquired a new 
interest from the propo.sal of the Badische Company to use the 
bisulphite compounds of otherwise insoluble azo dyes in connexion 
with the dyeing of acetylcellulose.**" 

Perhaps the outstanding feature of the yea-r’s publications con, 
cerning azo dyes is the influx of patents relating to the colours 
obtained from the arylides of j8-hydroxynaphthoio acid. Although 
the discovery of the Chem. Fabr. Oriesheim-Elektron is now ten 
years old,*the original anilide of j8-hydroxynaphthoic acid (Kaphthol 
AS) has practically had the field to itself. The red produced when 
cotton is prepared with Naphthol AS and developed with diazotisl'd 
»#-nitro-p-toluidine has established itself among the fastest oi 
cotton dyes ; for example, in the important trade of bleaching 
goods containing coloured effects, this red is on a par with some of 
the best of the vat dyes. It is not surprising, therefore, that 
efforts should be made to widen the range of shades, especially in 
the direction of a black. The blue obtained from Naphthol AS 
^d tetrazotised dianisidine had already had a certain measure 
of success, but the great desideratum is a black having as good 
properties as the original red. 

Patents claiming to produce blacks and other deep shade's which 
are fast to chlorine have been taken out by the Chem. Fabr. Gries- 
heim-Elektron. Cotton is prepared with an arylidc of ;8-hydrt)xy- 
naphthoic acid, e.g., the anilide, a- or ^-naphthalide, etc., and 
developed with a diazotised aminazo base of tlfi' type aiyl-azo-a- 
naphthyldmine. In the prep|iration of the base any arylamine may 
be coupled with any derivative of a-naphthylaminc capable of 
coupling in the 4-position. Sulphonic acid groups are ruled out for 
obvious Reasons.*"* Another method for obtaining blacks and 
dark-biolet shades is to develop with tetrazotised diaminoazo com¬ 
pounds, e.g., p-aminobenzene-azo-cresidhie, p-aminobenzene-azo-a- 
•naphthylamine) etc.*"* F. Bayer und Co. has also entered this field 
with a claim to obtain fast blacks by the use of a developer of the 
amino-azo type, prepared from a negatively substituted o-amino- 

J. Amcr. Chem. Soc., 192.S, 45, 1990. 

•' Chem. Zentr., 1923, 94, III., 61.5. 

iM E.P. 204,280. 

>“ E.P. 203,032 ; G.P. Appl, C.30,7,57, C.32,107. 

« G.P. Appl. C.32,160. 
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dialkylaniline by 'diazotising and combining with an amine of the 
'para coupling type. For example, the base, 

NOj CH, 

/ \--N=-N —/ \nH. 

NMoj OEt 

develops a black on Naphthol AS which is stated to be fast to 
boiling, chlorine, and light.*”® 

Many variation.H of the simple arylides of ;8-hydroxynaphthoic 
acid appear in the recent patents of the Chem. Fabr. Griesheim- 
Elektron. A special claim is made for the o-toluidide of j3-hydroxy- 
naphthoic acid, e.spcdially when halogen-substituted. Unexpected 
fastness is claimed particularly when the diazo compound used for 
dfvclopmcnt is also halogen-substituted.’”* Other patents cover 
the o-alkyloxyarylides’"” and the p-alkyloxyarylides. The latter' 
wotdd appear to be specially valuable when u.sed in conjunction 
witli the diazo compound from S-nitro-o-toluidine, bright, fast 
]^nks being claimed.’”” Meistcr, Lucius, u. Briining has entered 
this section of the field withapatent covering d^alko.xy-, o-aryloxy-, 
and o-aralkyh)xy-arylides of ^-hydroxynaphthoic ayid,’”^ and 
with another patent cov(Ting halogenated p-alkyl- or p-alkoxy- 
arylidcs of /S-hydroxynaphthoic acid.’”* Th^sc naphthols are 
applicable with any base and are stated to bo fast to kier-boiUng. 
The Soc. Chem. Tnd. in Basic also contributes a patent which relates 
to the use, in conjunction with any arylide of ^-hydroxynaphthoic 
acid, of the, ]iarlicular bases containing an o-alkoxy or aralkoxy 
group, e.(j., 2-amino-4-chlorobenzene-l.l'-phcnyl ether.’”” 

The patents references recorded above appear to indicate a ten¬ 
dency to overlapping between the Chem. Fabr. Griesheim-Elektron 
and its comjjctitors with regard to the minutiae of the jS-hydroxy- 
naphthoic-arylidc golours. It is noteworthy, however, that the 
Griesheim-Elektnm is once more the pioneer in what might prove 
to be quite an important enlargement bf the new field of ice colours 
opened up by the introduction of Naphthol AS. A yellow to go 
along with this range is suggested by recent patents covering 
msoluble dyes, formed in substance or on the fibre, which are 
obtained by coupling a diazo compound devoid of sulpho or carboxy 
groups with a di-acylacctoarylidc of the general formula 
Ac.CHj.CO.NH. X.NH.CO.CHj.Ac, where X is a diphenyl residue." 

’“E.P. 204,514 ; G.r. 381,916, 382,087. 

'"‘E.P. 199,771. 

’•'U.S.P. 1,467,114 j G.P. Appl. C.31,680. 

Q.P. 385,965 ; E.P. 200,739. 

E.P. 193,834. 

E.P. 193,866. 

w* E.P. 202,984. 
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For examjile, di-acctoacctbenzidinicle, CH3.CO.CH2.CO.NH.C5Hj. 
C5Hj.NH.CO.CH2.CO.CH3, and di-benzoylacotbenzidinide, 
C5H5.CO.CH2.CO.NH.C5Hj.C5Hj.NH.CO.Cll2.CO.C5H5, a,rc stated 
to give fast yellow.s with the diazo coinjiounds from o-chtoroanilino 
eto.tt'* 

Many new “ Napfithols ” and new bases have been recently pul 
on the market liy the Oriesheim-Elektron.'^' A number of new 
members of flic Kajiid Fast seric.s (mixture of stable isodiazotates 
wdth j8-hydrox\Tiaphthoio arylides) have also been put out. The.so 
latter are particularly ajiplicablc in calico printmg."^ 

Tn coimexion with mordant azo dyes, one of the most interc.sting 
developments during the last few years has been the pre^iaralion 
of their soluble copper and chromium comjiounds. The .soluble 
copper compound.s of certain types of mordant azo dyes for w*'ol 
have long been knomi, but in ri'cent years the Society of Chemical 
industry in Basle has patented the preparation of a number of 
different type.s of direct cotton colours containing copiier. The 
last patent on this subject de.sci'ibes the copjicr compounds of azo 
dyi's derived fronp 2-amino-1-hydroxybenzene-4-sulj)honamido |2 
mols.) combined with 5.r)'-dihydroxy-2.2'-dinaphthylamine-7.7'- 
dtsulphonis acid. 'Phe products dyi' cotton in violet shades distin- ' 
guLshed by great fastne.ss to light The same iirni has been 
engaged in the prejiaration of soluble ehromium eom])ounds of 
mordant-azo wool dyes ; various methods of bringing about their 
• formation are resorted to, e.g., treating the sodium salt of the dye 
with an alkahne chromite or carrying out the azo eoujiling itself 
in the presence of an alkaline chromite, ctc.^^^ 

The Akt.-Oes. f. Aniliiifabr. has a scries of jiatents for mordant 
azo dyes from polychloro-o-aminophenols combined with naphthol 
sulphonio acids. Amongst the diazo components mentioned are 
3.4.6-trichloro-2-amino-l-hydroxybenzene, 3.4..')-trichloro-2-amino- 

1- hydroxybenzene, 3.4.6.(i-tetrachloro-2-amin<».l-hych'oxybenzene, 
3.5-dichk>ro-4-mcthyl-2-amino-l -hydroxybenzene, and S-.^.C-tri- 
chloro-4-methyl-2-amino-l-liydroxybenzcne.’'® These new dyes 
give bjjie shades by the metachrome process. 

Chrorfte printing colours derived from resorcyhc acid have been 
obtsiined by the 8oc. Chem. Ind. in Basle by coupling with I .diazo- 

2- naphthol-4-sulphonio acid or its nitro derivative. The .shades 
^ obtained are violet and violet-brown.^^** 

A new chrome printing dye giving greenish-yellow shades is 

■'»G.r. Appls. C'.31.408, C.32,61G. 

m J. t^oc. Jh/ers A- Cot., 1923, 39, 334. 

m G.I>. Appi. C,31,9)0. 

O.P. 309,584. 

“*E.P. 191,972 ; G.P. 369,585. 

“» G.P. 364,829, 367,362, 368,958, 368,959 ; E.P. 192,438. 

>“G.P. 367,716, 379,614 : U.S.P, 1,437,758. 
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dcsfiribed by F. Bayer u. Co. It is obtained by coupling diazotised 
7 )-phenylenedianiine- 2 .r)-disulphonic acid with salicylic or crcsotinic 
acid."' • 

Another chroiiK! printing colour is obtained by the Sow Chem. 
Ind. in Basle by cou]>ling arylpyrazolones derived from m-amino- 
benzoic acid with diazotised 6-amino-4-sulphosalicylic acid."* 

A chrome dye giving on wool a black fa.st to potting is obtained 
by the same film from 4- (or (i-)nitro-2-aminophenol diazotised and 
coupled wlh 1.5.7-aminonaj)hthol.sulphonic acid."® 

A new serie.s of direct cotton dye.s, particularly adapted for after- 
treatmimt on the fibre ..with copper or other metallic salts, is 
d^ici'ibed by F. Ui'.ycr und Co. The dicarboxylic acid 
of benzidine (4.4'-(liaminodiphenyl-3.d'-(]icarboxylic acid) is diazo- 
tisrd and c.on])!ed with I mol. each of two different end components, 
one of which contains solubilising sulphonic acid or carboxylic acid 
groups. When dyed on cotton a wide range of shades is obtained, 
geii^'rally changing on coppering t o dec|X'r shades which are fast to 
light and washing. For exam))lc, benzidinedicarboxylic acid coin- 
hflu's with 1 mol. of i>hcnyl-^-naphthylamine and 1 rnol. of 5.5'- 
dihydroxy-2.2'-dina])hthylamine-7.7'-disulj)h(mic acid to give a 
violet changing to blue on after-treatment with copper.^'® 

Another new tyjic of direct cotton dye is described in the patent 
of .T. liaddiley, J. Puyman, 1C. G. Bainbridge, and the British 
Dyestuffs Corporation, Ltd. The.se dyes contain the jiyrazolone 
nucleus, but substantive jiroperties arc derived from the presence of 
arylbcnzthiazole residues. As an examjilcthe hydrazme derived from 
dehydrothiotoluidine.sulphonic acid is condensed with dioxytartario 
acid after the manner of the analogous synthesis of Tartrazme. The 
new products dye cotton generally in orange shades fast to light 
and itashing.'®®'^ 

Apart from the above novelties, the direct cotton colour patents 
recently jmblished follow along the e.stablished lines, except that the 
benzidine type is not repre.scnted. The “ s,* raight-chain’ ’ type is repre¬ 
sented by simple .secondary disazo dyes in a patent of F. Bayer und Co., 
of which the following is an example :—5-amino-2-aoctylE^piino-l- 
anisol -f- l-amino-2-methoxynaphthalene-6-sulphonic acid +,^.4- 
n.aphtholsulphonic acid. The acetyl group is finally split off and 
the product is a developing blue giving shades fast to washing and 
light, and dischargablo with hydrosuljihite.*®' An extreme degree 
of complexity in the “ straight-chain ” type isshowninthcAkt.-Gcs. 
f. Anihnfabr. patent for tetrakisazo dyes having the general 
G.P. 367,802. 

G.P. Appl. G.52,G84. 

•’"G.P. Appl. G.,W.931 ; E.P. 193,385. 

G.P. 380,058, 382,427 ; E.P. 198,634, 198,398. 

■ “A E.P. 185,880. 

'“■B.P. 201,160. 
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‘ ‘ ( 
structure R-Nj-R’-Nj-R’^-Ns-R’^’Nj + a nitr'o-m-phenylenedia- 
mine. Tlie usual first and middle components may bo used; for 
example,the dyestuff built up from 2.4.8-naf>hthylaminedi8ulphopic ' 
acid -(-u-naphthylamine + m-toluidine + m-toluidine + nitro-w- 
phcnylenediamine is a direct reddish-brown. Other components 
give various shades of brown, claimed to be very fast to light.*^ 

Direct dyes of the J-acid group are only represented by one 
patent (by F. Bayer u. Co.). p-Amino-aroylaminosalicylic acid is 
diazotised and combined with a hcteronuclear amino derivative of J- 
acid, re-diazotised and coupled with an a-naphtholsulphonic acid. 
For example, the components p-aminobenzoyh/j-aminosalicylic 
acid + TO-amino])henyl-l .2-naphthiminazole-5-hydroxy-7-8ulphosic 
acid -|- 1.4-naphtholsulphonic acid give a direct rod, fast to light, 
acids, and w'ater.’^’ , 

The “ phosgene ” or “ urea ” type of direct cotton colour is repre¬ 
sented by one patent, again by F. Bayer u. Co. An aminobenzoyl 
derivative of a monoacidyldiaraine- is diazotised and coupled with ‘ 
in aininoarylpyrazolone. The resulting aminazo con.pound is 
:reatcd with phosgene to form the urea, then the aeidyl group«is 
•emoved by hydrolysis. The products are developing yellows 
)f pronounced green tone and having a good fastness to washing • 
ind light 

Another develu^ting pyrazolone dye of F. Bayer u. Co. is made 
from the same end components as the above (an aminoarylpyrazol- 
one) but in simple disazo combination with a tetrazotised ammo- 
benzoyl-diaminc; e.y., p-ammobenzoyl-w-phenyhmediaminesul- 

phonic acid is tetrazotised and coupled with 2 mols. of wi-amino- 
phcnylmethylpyrazolonei A dye similar to the developing yellow 
mentioned above is claimed.’'^'’ 

Wool dyes of the pyrazolone .series are represented by two ps^tents. 
In the first the Soc. Chem. Ind. in Biisle claim level-dyeing, light- 
fast yellows obtained by coupling diazo conr.pounds with l-(2'- 
methyl-3'-suli)ho-5'-isopropyl)-phenyl-3-mcthyl-5-pyrazolono.i^® In 
the other patent Mcistor,* Lucius, u. Briining claims that by 
oouplmg the diazo compound of m-aminobenzaldchyde (or a deri- 
vative%with a pyrazolone, dyestuffs are obtained which exceed in 
fastness properties the hitherto known yellow level-dyeing dyestuffs 
of’the pyrazolone series.^” 

Diphenyline has not hitherto been used as an azo dye inter¬ 
mediate. but now F. Bayer u. Co. claims trisazo dyes made from it 
by tetrazotising and coupling with 1 mol. of H-acid in acid solution. 

“ G.3>. Appl. A.36,189. 

>» G.P. 366,530. 

«* G.P. 374,991. 

G.P. Appl. F.50,n4. 

“• U.S.P. 1,447,486 ; G.P. Appl. G.56,117. 

“ E.P. 205,503. 
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A diazotised moAoamine is coupled on the other side of the H-aeid 
in alkaline solution and the free dhuzo group of the dephenyline is 
coupled with a diamilie or a phenol. New black dyes are obtained 
w^ioh, unlike the corresponding dyes derived from benzidine, have 
no affinity for cotton but function as acid dyes and arc particularly 
u.seful for leather dyeing. The patentees claim that the diphenyline 
need not be isolated from the benzidine mother liciuors in which it 
occurs but that this liquor may bo used directly.’^* 

Acid wool dyes which combine level dyeing properties with good 
fastness to light and tolerable fastness to milling can be made from 
y-acid and its derivatives by coupling in the 1-po.sition. The 
i^oc. Chem. Ind. in Bai?le and H. Schweitzer claim an advance on 
previoirsly known dyes of the series by the use of a diazo compound 
obtained from a 4-nitroaniline-2-8ulplionamide, c.g., 4-nitroaniline- 
Jsulpho-ethylanilide(N02)(NH2)-CeH3-S02-N(C2H5)(CeH5). Navy 
blue shades arc obtaimid.'^® The y-acid may bo replaced by 
2.8-napthylamincsulphonic acid and its derivatives with a similar 
r(*ult except that the .shade's obtained are redder.'®® 

• The violet monoazo dye obtained by couplmg diazotised p-nitro- 
aniline-o-.sulphonic acid with y-acid in acid solution is, according 
to 1). K. McAllister and E. ]..du Pont de Nemours Co-, capable of 
giving lakes when precipitated by means of a barium salt on an 
aluminium hydroxide substratum.'®' « 

Another lake dye claimed by F. Bayer u. Co. to give a yellowish- 
red distinguished by covering power and fastne.ss to light, is. 
obtained by diazotising »»-toluidinc.sul})houic acid and coupling 
with j8-naphthol.'®® 

Dyestuffs insoluble in water and oil #re obtained according to 
0. Matter by combining various diazotised amines with 4-nitro-l- 
naphlhol. They can be used as pigments or can be produced on 
cotton by the Para lied method.'®® A general claim is also made 
for azo dyes from,other nitronaphthols, such dyes being produced 
on the fibre, or in bulk.'®' , 

0 

TEIPHBNYLMETnANE DyES. 

This group of dyes was one of the earliest to be discovered, and 
after a period of intensive development progress in it appeansd to 
cease for a while. A revival took place when the mordant dyes of 
this group, contauiing salicylic or cresotinic acid, began to attract 
attention and the flow of patents began once more. These mordant ’ 

G.P. Appl. F.48,683. 

"•U.S.P. 1,429,781. 

U.S.P. 1,429,782. 

*•> U.S.P. 1,434,619. 

“ G.P. 366,168. 

'»» G.P. Appl. M.66,684, M.66,667i 
, G.P. Appl. M.67,824. 
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triphenylmethanc dyes arc generally characterised by great bril¬ 
liance of tone, and liy giving violet to greenish-blue shades. It is 
their brighlness which ha.s given Iheni utility, for they eontr^-st 
strongly- in this respect with tlie comparatively dull azo-mordant 
colours. Unfoj'tunately', they have tli(* drawback of loosiuiess to 
light, which is, broadly sjieaking, a defect of the whole group of 
triphenylmethane dyes. .1. 8chmidlin and Caasella u. Co., in a 
series of patents, tin; first of which apjieared about the b('ginning 
of the war, claim to have! made an important advance viith regard 
to light-fastness in mordant dyes derived fj-om an aromatic alde¬ 
hyde condensed with two mf)ls. of salicylic or cre.sotinic acid, the 
novelty consisting in the u.se of a highly chlorinated aldehyde, e.jv, 
tetrachlorobenzaldebyde.'^'’ Outstanding milling fastness and 
purity of tone are claimed for the dyes made from 2.4..5-trichloro- 
bcnz.aldehyde.*-’" The chloro-,aldehydes are obtained by chlorinat¬ 
ing toluene, using an iron catalyst, fractionating until the re([uire(l 
chlorotoluene, is sufficiently ]mre, then (dilorinating the side chain in 
ultra-violet light. The resulting polychlorobenzal cliioride e.an*l)e 
converted into aldehyde with sulphuric! acid or can be condensed 
directly with cre.sotinic acid. Analogous dyes have been obtained 
from halogenated xylenes.’’*’ 

A modification of the aurine-tricarboxylic acid tyjX! of mordant 
triphenylmethane'dyes is introduc(‘d by the firm of Durand et 
Huguenin. In this case the dianilide of a methylene-di-o-h 3 alro,\y- 
oarboxylie acid is (!ondensed with salicylic oi’ cresotinic acid. The 
anilido groups permit the introduction of sulphonie acid groups, in 
which case dyes are obtained of particular value for chrome- 
printing purpo.ses, being hiore vivid, inten-se, and fast than the old 
Chrome \'io]et.““ In a later patent the simple diamide of methyl- 
ene-disaheyhe acid is condensed with salicylic or cresotinic ^cid. 
Sulphonation i.s not necessary in this case in order to obtain useful 
dyes. Greater fastness is claimed than in the (^ise of sulpbonated 
anilides.’*® , 

A new depai-turo in the shape of trinaphthylmethanr dyes which 
arc anSlpgous to the aurines has been made by the Soc Chem. 
Ind.,in Baale. These dyes are formed by the action of carbon 
tctmchloride on a-napbthol or l-naphthol-2-carbnxylic acid hi the 
presence of capstic alkali.’*® Subseriuent patents help to clear up 
the course of the reaction, for it is found that when carbon tetra¬ 
chloride reacts on 1 -naphthol-2-carboxylic acid, in addition to the 

"SMJ.S.P. 1,428,984. 

■>« G.P. 363,290. 

“ G.P. 344,900, 360,414, 364,730, 

*“'E.P. 166,530. 

E.P. 183,123. 

>‘»E.P. 172,177. 
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lyestuff, there arc also formed 4.4'-diliydroxy-3.3'-dicarboxy-l.l'- 
linaphlhyl ketone an^ l-naphthol-2.4-dicarboxylic acid.^" Ali- 
rliiitic alcohols have a powerful influence on this reaction. If 
ilcohol i.s ])resent wlmi (j.irbon tetrachloride acts on a-itaphthol 
here are formed esters of 1-naphthol-4-carl)oxylic iicid, and 1- 
iaphthol-2.4-dinarlioxyli(^ acid, as well as 4.4'-dihydroxy-l.l'-di- 
mphthyl ketone.**- A further development of the invention refers 
'o.frina])hthyl- oi’ dinnjjhtliylphcnyl-niethane dyes obtahied by 
•eactiiifl with a phenyl- or naphtliyl-chloi'oform 0 ]i an a-naphthol 
lerivative having a free 4-posilion. 'I'he. dyes from 1-naphthol-2- 
•arboxylie acid (<>.(/., by reacting with ben'/.otriehloride) are par- 
i»idarly interesting, being ebroinc-greens fast to milling and 
)otting.*“ In this reaction also the interme(liat( s first formed can 
i(* isolated : thus benzotriehloridc forms with 1-naphthol-2-car- 
K).\yli(t acid the 1 -phenyl-ketone-4-hydioxynaphthalene-3-car- 
.>oxylic acid.**'* '.I’he latter can be decarboxylated by heating with 
i diluent to give 4-liydro.xynaphthalene-l-phenyl ki'tone. Similarly 
he previously mentioned dihydroxydi(airboxydina])hthyl ketone 
'>i’es 4.4'-dihydroxy-l .r-dina[)hthyl ketone.**'« 

well-known " ketone ’ synthesis of triphenylmethane dyes, 
litlierto generally limited to the ketones from tertiary'hascs, has 
[leen extended by J. lladdiley and K. H, Rodd (British Dyestuffs 
loiporation, Ltd.) to ketones derived fi’om )nonoalkyl-o-toluidines. 
rims the ketojie derived from monoethyl-o-toluidine by condoilusing 
t with formaldehj’de, sulphurising the " methane base ” thus ' 
ormed, and finally hydrolysing tlu' thioketoue, is conde,n.scd with 
ieirondary and tertiary amiju's to gh'e a .series of bright basic dyes 
rom which, in certain cases (>’.</.. when beifzyl residues are present), 
icid dyes (.'an he jneparcsl by .sidithonation. 'I’liese latter are 
jenerally level-dyeing wool x iolets, tending to the red side,*** 

I iNDUioin Dvijs. 

In connexion with indigo itself, the nmst noteworthy publication 
)f the year is that of a new' indigo-cfyehig process and of new 
noducts for this purpose. As the chcmi.stry of indigotin was 
padually unfolded after the first synthesis, attempts were made to 
mprove the (aimber.some vat-dychig process, A. v. Rae 3 ?er’s 
iriginal synthesis was made u.sc of by the Badiscflie (lo., who put 
»-nitroj)henylpropiolic acid on the market for use* in printing. 
Vnother product was Kalle’s Indigo Salt a', o-nitrophenyllactic 
icid methyl ketone, also used for printing, A further attempt 

K.P. 195,,513. 

*«K.P. 111,009. 

U.S.P. 1,460,315. 

G.P. 378,008; E.P. 203,824. 

G.P. 378,900. 

'<*• E.P. 189,295. 
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was made by the Badische Co. in their Indophor process, which 
made use of indoxylcarboxylic acid, this being printed and then 
converted into indigotin by passage tlirough* an acidified solution of 
ferric chloride. 

All these processes, and many others that wore proposed, failed 
for one reason or another, but generally on account of the 
low yield of indigotin eventually obtamed as a result of per¬ 
forming what practically amounted to a synthesis on the fibre. The 
firm of Durand et Huguenin now claims to have found a solution of 
the problem in the use of enolio esters of leueo-indigotin which are 
formed by the reaction of acids with Ihc -OH group of the leuco- 
indigotin, for instance, the compound 


NH KH, 

HSOjd O-SOjH 


which is obtained by the action of sulphonating agenis, c.g., ehloro- 
sulphonicacid, sodium chlorosulphonate,or (-leum. onleuco-indigotin 
in the presence of a< tertiary base such as jiyridine. The now estefs 
are used in the form of neutral salts, e.g., sodium .salts, in which 
form thcy'arc easily soluble, stable against oxidation, and can be 
applied to textiles by either dyeing or printing methods. After 
impregnation tlm’dye is developed by hydrolysis or by oxidation, 
for example, by ])a8sage through ferric chloride or bichromate 
baths. It is claimed that the conversion to indigotin is almost 
quantitative. The new j)roce.s,s looks very attractive from the 
point of view of the calico jirinter or of the wool dyer who is not 
equipped with special iftdigo-vat plant. The invention is stated 
to be applicable to other vat dyestuffs bc,sidos indigotin.*^’ 

T. Posner and G. Pyl describe a new violet-red vat dye obtained 
by the action of malonie ('ster on indigotin, for which the following 
constitution is suggested 


/COOKt 

C.h/ y.H, 


By treating o-tolylindigotin with nitrou.s gase,s in the presence of 
ether, T. Posner and W. Heumaim have obtained dinitrosodi- 
hydroxydihydrotolylindigotin. j»-Toluoyltormic ester is produced 
if the reaction is carried out in alcohol mstead of ether.**® 

K. Kunz has described complex copper, zinc, and nickel comr 
poimds of indigothi which contain two molecules of indigotin in 
combination with one atom of metal. These are formed by heating 


*« E.P. 186,057, 202,630, 202\632, 203,681. 
*“Ber., 1923, 66,31. 

*‘*Ber., 1923,66, 1621. 
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indigotin with tlie metal powder in an indiffereni soivenx. The 
substances are highly unstable towards acids, but very resistant to 
alkalis. Complex compounds are also formed with alkali metals, 
which are extremely easily converted back to indigotin by water. 
Thioindigo also undergoes this reaction.^ 

The fermentation indigo vat is still largely used in the East. 
Meister, Lucius, u. Briining has a patent for ensuring its more 
regular action by tlie u.se of selectively bred strains of bacteria.*® 
The thioindigo dyes have been the subject of an interesting 
scries of patents by R. Herz and Cassella u. Co., originating in the 
discovery of the ])couli!j‘ reaction between the dry salts of primary 
iJinines and sulphur chloride (S^Cla).’® This subject has been 
refeired to in a previous report, but the publication of the (Jerman 
jiatents now helps to make the matter a little clearer. Whatever 
may be the constitution of the now condensation ])roduct, it is 
easily decomposed into an o-aininoarylmercaptan,*®* from which it 
i^clcar that the substance obtained from it by the action of alkali 
and ehloroacctic acid is an 9-aminoaryltliioglycollic acid,*®* 
^fHj.R.SH NHj.R.S.CHo.COOH. This substance is diazotised, 
and converted to the nitrile, which on treatment with sodium 
sulphide or hot alkali forms a ring compound. The latter loses NHj 
and CO 2 when heated with dilute acid and the leuoo compound of 
a vat dye results. This is oxidised by air or oxidisii^ agents, 
such as ferricyanide, to the dyc.stuff. 

The dyes obtained as a result of this series of reactions arc 
slated to be dilTerent from the dyes of the thioindigo series, being 
brighter and faster than the latter. The^dye obtained from aniline, 
for example, is yellow'cr in shade and faster than Thioindigo Red, 
while the pink dye from o-toluidine is stated to excel all known 
pinlf vat-dye,s hi jmrity and fastness.*^® jit-Xyhdine gives a bluish- 
pink dyestuff poasessing even better properties than the dye from 
o-toluidino.*^® * 

OrtJto- and pom-aminopheuols pass through the series of reactions 
outlined above, but in this case it is recommended to convert the 
aminoarylthioglycollic acid into its anhydride by treatnjSnt with 
mineral acid, and brominate it in this form. The bromo eomyound 
is then converted through its diazo, nitrile, etc., to a vat dyestuff 
as Wore. p-Phenetidine thus gives a scarlet vat-jlye.*® 

““ Ber., 1922, 65. 3088 ; 1923, 56, 2027. 

*“ E.P. 205,834. 

‘“G.P. 360,690, 367,344, 367,345. See also E.P. 17,417 of 1914, and 
Ann. Repta., 1921, 6, 109. 

“>G.P. 367,346. 

“* G.P. 364,822. 

G.P. 307,493. 

“• G.P. Appl. C.27,367, 0.27,408. 

G.P. 371,258. 
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How tlic new dyes can differ chemically from the corrcKpoiidmg 
thioindigo dyes made by the older processes is not clear ; in fact 
it would a}ij)ear that the differences ohservetl are essentially a 
matter hf purity of the iinal prodnet. 

Dyes (h'rived from j3-thionaphthisatin are described by the yoe. 
('hem. 1ml. in liasle. This substance is made by condenfing 
j8-thionuj)hlhol with o,\alyl chloride. It eondenses nith cjclic 
com])onnds containing a reactive methylene grotip to gi\'e vat dyes ; 
thus with o.\ythionaph1hene it gives a red, with indo.syl a violet, 
with phenylme(hyl])yra7.oloi]e a browji, with a-naphthol a grey. etc. 
The new dyes may lie brominated.'^" 

-Yew dyes of the indiiubin smics have been obtained l.'y 
]•’. Bayer n. Co. by eotnh using 2. l-najihtho-o\ythio)ihcne with 
isatin oran eiinivalent cyclic o-diketonc. For e.xample th(' dyestpff 


.('<K 




:C:(' 


/ CO 


>N-H 


is .stated to be a. hrpun, fast to light. H.nshing. and chlorine.''’" 

Thioindigo dyes which have thiophene residues combined 
twice on a "central naphthalene ling are obfaini'd by Kalie ii. Co. 
from naphthalene-dithioglycollie ai ids by converting them to 
naphthalene-hisox5thio])henes, c.;/.. 

/to, 

s -■ /’It.. 

>4 ;i'/" 

ll/t'Vpo/ 

which are then condensed with cyclic o-dikotones ; thus .-i-ehloro- 
i.satm giv e.s a brown vat dye.'"*' 

Vat dyi’S analogous to Alizarin-indigo but deiived from najihth- 
isatin, by condensing it with a-naphthol pr a-anthrol, when 
chlorinated with sulphnryl chloride undergo a deepening of shade. 
Thus, F. Bayer u. Co. claimil to obtain a deep bluish-black vat dye 
by chlofinating the condensation product of jB-naphthif atin chloride 
and a-aifthrol.'“ 

Itsvill bo noticed that apart from the now indigo dyeing process 
and’ the new' light on Cassella’s sulphur chloride reaction, the 
/cchnical interest in the indigoid group of dyes is maintained almost 
entirely by the naphthisatin developments. One other patent has 
appeared during the year which should be mentioned, though the 
dyestuffs described are probably of a hybrid character and may 
contain other nuclei than those of an indigoid tj'pc. 

“»E.P. 18fi,859, 189,782. 

“•E.P. 198,415. 

>«» E.P. 202,734. 

>“ E.P. 20,5,790. 
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Kallo u. ()o. oLtaiii a blue vat dye by the alkali fusion of the 
condensation product of naphthalie anliydride and oxindol,'®* i.e., 


yco^ 

ycQ' 


/C'.H,. 
'' f’O 


xir 


ANTHRAyUlNONK DvE.S. 

A new ])roeess for the ])urification of raw anthracene by crys- 
tallLsation from an alkylated aromatic amine («.</.. dimcthylaniline) 
i.s claimed by J. Michael & (!o. to give pure anthracene of m.p. 
2J3° in one ojuTation.' 

The jH'wer methods of jireparing anthra(piinonc by catalytic 
oxidation arc referred to under ' Catalysis. ’ A. Wohl and the 
iiarrett Co. still continue to publish patent.s in connexion with the 
vjinadium process, while the Chern. Fabr. Worms A.-O. is mte- 
rcsted in the oxide of nitrogen process. 

•By acting on anthracene with chlorine and pyridine H. Hopff 
i^nd the Badischc Co. have obtained !).10-dihydroanthraccne- 
dipyridinium chloride. This suljstanec lose.s pytidine and gives pure 
anthrono on boiling with water.i”'' 

K. de B. Barnett, M. A. Matthews, and J. W. Cook have dcscribetl 
methods for the ])r('paration of anthrone, diantlirone, dianthranol, 
dianlhratpiuione, and dianthranyl derivatives. A series of chloro- 
anthrones have been prej)ared in a pure state by reduction of the 
corresponding eldoroanthra(iuino)ies. The chloroanthrones were 
oxidised t<> dianthrones, but. only in certain cases could they be 
reduced and undergo ])inacol condensation to give dianthryl deri¬ 
vatives. The lirst action of nitric acid on anthrone and anthranol 
derivatives is an addition at the " bridge ” bond, with subsequent 
change to a dianthrone or a nitroanthrone ; thus in the ease of 
anthranyl ethers.' 

('t)lt IIO'COK (!(» 

CH Ht'NO, HtrNOj 

The formation of dianthrone is due to dealkylation and oxidation. 

CSOK OOH CO 

-> C.H /'jVH, 

CH CH CH 

I 

CH 

CO 

G.P. 366,097. 

G.P. Appl. M.75,440. 

“*G.P. 381,180. 

Chem. Soc. Tram., 1923,128. 230, 1994, 2549, 2631. 
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A. G. Perkin and his collaborators are engaged in a systematic 
study of the reduction products of the hydroxyanthraquinoncs. 
Several of the latter have been reduced to hydroxyanthracenes, 
■ using an' aluminium-mercury couple and ammonia. Anthragallol 
was reduced with stamious chloride to an anthrauol, which may 
have the constitution of 1.2.3-trihydroxy-O-anthronc.'*® 

The disulphonation of anthraquinone is inoliicient, because in 
addition to the required aa-disulphonio acids, quantities of 
useless a^-acids are produced. J. Thomas and Scottish Dyes, Ltd., 
propose to hydrolyse the.so with acid (in the presence of mercury) 
and thus recover the useful jS-monosulphonic aeid.^®’ 

Salts of anthraquinonesulphonic acids w’ith arylamincs and othei' 
bases are described by A. G. Perkin and W. G. Sewell. These salts 
crystallise well and are generally s]iaringly soluble. Their use Ts 
suggested for the purilieation and separation of the isomeric 
anthraquinonesulphonic acids and also for the analytical control 
of the progress of sulphonation.^®* 

The preparation of l-chloro-2-acylaminoanthraqniiiono by the 
action of sulphuryl chloride on )S-aoylaminoanthraquinono is 
patented by K. Kopetschni.^®* The same author has claimed the 
production of a- and ^-nitroanthraquinones by oxidising the cor¬ 
responding amincarby means of persulphurio acid.'™ 

In connexion with the amidation of a-anthraquinonesulphonie 
s.acid to a-aminoanthraquinone the Soc. Chcm. Industry in Basle 
claims the use of a sulphonic acid of an aromatic nitro compound 
as oxidising agent."' The same firm patents the manufacture of 
2.3-diaminoa.nthraquinon» by heating 2-amino-3-bromoanthra- 
quinone with ammonia.'™ 

|8-Chloroanthraquinonc has been synthesised from jihthalie 
anhydride and monochlorobenzcne. H. Dodd, W. C. Sprent, and 
the United Alkali Co. now find that o-dichlortfbenzenc gives the 
same product, one chlorme group being displaced. p-Uichloro- 
benzene is not acted uixm under the conditions employed.'™ 

4 ' Hydroxy -1.2- dimethylanthraquinone has been synthesised 
from phftjalic anhydride and 4-o-xylenol by A. Fairbounie and 
J. MT Gauntlett."® 

A new reaction of wide application has been discovered by the 

• 

>" Ghem. Soc. Tram., 1923, 123, 2029, 2803. 

E.P. 200,8,")1. 

J., 1923, 27t. 

G.P. 370,471. 

G.P. 363,930. 

'« G.P. Appl. G.53,593. 

"'E.P. 203,051. 

”• E.P. 204,628. 

"• Chem. Soc. Trans., 1923,128, 1137. 
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Soo. Chem. Industry in Basle, aniinoanthraquinones being con¬ 
densed with halogenated derivatives of 1.3.5-triazine, e.g., cyanurio 
ehloride. The new products contain more or less chlorine, accord¬ 
ing to the degree of condensation, the end products of the reaction 
being free from chlorine and constituting vat dyes. Thus a-amino- 
anthraqxnnone gives with cyanuric chloride a yellow dye, and 
with 2.4-dipheiiyl-6-chloro-1.3.5-triazine a dark orange, while 
4-amino-2.l-anthra(juinoneacridone gives with cyanuric chloride a 
greenish-blue dye. A very wide range of examples is given in the 
patent.*’^ 

The condensation of, aminoanthraquinones with the sulpho- 
cWoride of salicylic acid is patented by .T. Baddilcy, W. W. Tatum, 
and the British Dyestuffs Corporation, Ltd. The products 
oMained are acid dyes which dye wool in bright shades, fast to 
milling and to light, and which may bo after-chromed with a 
little increase in fastness. The new dyes also show good afSnity 

for aeetvl silk.*"® 

• 

^The, only other discovery relating to acid dyes of the anthra- 
(luinone series published during the past ycards that of F. Bayer 
11 . Co. for the production of blue to black wool dyes, by snlpho- 
nating amino- or alkylaminodianthraquinonylamines. For 
examjile, 4.4'-diamino-a.a'-dianthraquinonylaminc on sulphona- 
tion gives a iiroduct stated to dye wool bluish-grey shades, fast to 
light and milling.'” 

A new method of amidating dibenzanthrono by treating the 
latter with hydroxylaminc has been discovered by the BadLsche 
Company. The new aminobenzanthroneji do not dye green, like 
the amino compounds previously produced by nitration and 
reduction of dibenzanthrono, but dye in grey to blue-black shades 
from the vat.*’® 


New derivative.si of benzanthrones, obtained by condensation 
with aromatic acid chlorides, are patented by Meister, Idtcius, u. 
Brlining. Thus benzanthrone gives Vith benzoyl chloride an 
orange-yellow vat dye having possibly the constitution*’• 


*’® G.P. Appl. G.36,505. 

E.P. 201,610. 

*" E.P. 201,576. 

. ”*E.P. 204,241. 

• E.P. 206,502. 
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The BadLsche Company has discovered tliat ihe conversion of 
bonzanthrone and its derivatives to dibenzantlirones can be 
made to take place in two stages. The intermediate compomida 
are formed by mild action of alkaliiu' condensing agents 
(alcoholic ])otash. sodium anilide, etc.) and are not dyestuffs, 
but can be converted to the known dibeuzanthrone vat dye.s by 
heating with condensing agents. If the latter have also a halo- 
genating aetion, r.j/., ferric chloride, halogenated vat dyes result. 
If fuming sulphuric acid is used sulphonated j)roducts can 
be obtained (e-(j., dibenzanthronesulphonic acid) which are con¬ 
verted by oxidation followed by mild reduction to .substances 
giving greenish-blue vats from which (•I'ltton is dyed in gre^ai 
shades.*"" 

The Badische (lomjiany also has a |)atent for condensing »n 
aldehyde or e((uivalcul substance with the ])roducts obtained 
from dibeuzanthrone by oxidation follow'.'d by mild reduction 
(hydroxydibenzanthrones). The ju-oducts described are j’eddijh- 
blue vat dj'cs.*"* 

A. H. Davies. K.‘F. Thomson, J. 'J'hi imas, and Scottish Dyes, 
Ltd., have-an interesting patxait covering'a series of a lkylated or 
acylatcd hydroxy dt^rivatives which i.s an exlensiini of their earlier 
patent*®* for vat gii-ens obtained by alkylating hydroxydibenzan- 
tlirones. The hydroxy-compounds covered in the pie.sent jjatent 
« are defined generally as being derived from ' ketonie-])erylenes ; 
that is to say tlu^y are the 0 -\idation iiroducts of dibeuzanthrone, 
isodibenzanthrone, dinu'thyldibcnzauthroju', dinaphthodibenzan- 
thronc, and dina)(hthalimi(ie, all of which contain the peiylene 
ring system. 'I'he.se oxidation jiroducis are converterl by mild 
reduction to substances which are themselves vat dye.s, and 
which can bo made still more valuable by alkylation or 
acylation .*““ # 

Attempts have rec(!ntl,\; been made to develop technical 
methods for the manufacture of peiylene itself, and to u.se it as an 
intermodiate in the manufacture of vat dyes. According to the 
claims ol fl, J’ereira, the starting ]ioint is ,d-dinaphthol (2.2'-di- 
hy(h?)xy-l.T-dina])hthj'l) or its alkyl ether; this is treated with 
ring-olosir^; agents to form 1.12-dihydroxypcrylene,'** which is 
.then converted into peiylene by energetic reduction, for examjile, 
by heating with zinc dust.*"" I’erylene may be conv'erted by 


**“E.P, 20S,5:);!. 

**‘ E.P. 20ti,038. 

>“E.P. 181,304. 

*»*E.P. 193,431. 

*“E.P. 191,363, 165,771 ; tJ.P. Aupl. P.41,931. 
■“E.P. 199,401, 165,770; G.P. Appl. P.41,930. 
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oxidation l)y iinViis of chromic acid into 3.10-i)oiylcnc-(niiuont‘. 
Tlie whole series of reactions is ilhist J’ated as follows ;■ -- 
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Tlie 3.l0-|)eiyleiie-iniinone eiui also he obtained directly from 
4.4'-diJiydro,\y-l .r-<lina])hthyl l)y riiio closure, and air oxidation 
of the result ini’ 3,l(l-dihydroxyperylene. This (piinone dyes cotton 
yellow from a red vat.'*'’ It is claimed that its eliloro-dcrivative 
dyes cotton in shades which are oreeuer and hriahter than the 
jjj’eviously known bromo derivatives.**’ 

Another vat dye giving brown to black .shades on cotton is 
■stated to be obtained directly from I .^-diliydroxypcrvlene by 
mean.s of a polysulphide melt.""* 

lVrylene-(piinone can be mono- and di nitrated, and the 
dinitro compmind is stated to dye cotton in violet .shades from 
the vat.'*" The aminojrerylem'-ipiinones obtained by reduction 
of the niiro compounds are also stated to be vat dvca, the 
diamino giving violet shades and the bromodiamino violet shades 
w ith a brown tinge.'"" Mori' valuable products result from acylating 
the aminojreryleneiiuinones ; thus the monobenzoylamino derivative 
is staged to dye cotton pink, while the bromodiaminoiierylene- 
(luinonc ben/.oylates to give a tiroduct dyeing “ coinior-bronze ’’ 
sliade.s.i« * .on 

Mew vat dyes giving red to bhie-violut shades have been obtained 
by Kalin u. do. from perylenetetracarboxylic acid by healing it 
with ammonia, or aromatic or aliphatic amines. 'J’ho rfsulting 
nnides are intensel}’ colouied in contrast with the comparativelj’ 
’veakly coloured (orange.-yellow') tetracarboxylic acid.'"" 

Vat dyes of the anthr.anuinone series containing* sul|)hur have 
been rather to the fore during the peiiod under leview. Cassella u. 

’"E.P. 20C,t;u. 

E.P. 200,1;!;!. 

E.P.d97,932. 

'»* E.P. 199,720. 

‘""E.P. 199,721. 

"”E.P. 199,722. 

G.P. Appl. r.37,769. 
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Co. have obtained vat dyes ranging from yellow to blue-black by 
sulphurising the azomethines derived from anthraq«inono-2- 
aldehydes, for example, the compound :— 

gives an orange dy<!; the azomethine'from benzidine and 2 mols. 
of anthraquinonc - 2 - aldehyde a brownish - yellow, becoming pure 
yellow on chlorinating; the azomethine from p-phenylenediamine 
and 1 - aminoanthraquinone - 2 - aldehyde a violet, etc.'“ The 
products are doubtle.ss tbiazoles. The proce.ss ean be simplified b^ 
avoiding the intermediate formation of the azomethine and heating 
the mixture of an oi-halogen derivative of 2-methylantliraquinonc 
(e.g., the to-di- or trichloro-derivative) with an aromatic amine aiftl 
sulphur.^®'' A further .simplification is the use of 2-methylanthra- 
quinone itself, heated .simply wilhsulphurandan amine, /i-diamines 
apparently giving the most useful dyes ; thus 2-methyianthre- 
quinone and benzidine by heating with sulphur give a reddish- 
yellow vat dye.^®® * 

According to another invention of Cassella u. Co,, vat dye.s are 
obtained by heating, alone or with solvents, the azomethines 
formed from anthiaquinone-2-aldohydes and o aminophenols or 
o-aminothiophenols. The dyestuffs are probably oxazoles in the 
former ca.se and thiazoles in the latter. The thiazole.s are apjiarently 
identical with the dyes obtained by sulphuri.sing azomethines as 
in the previous paragraph. As before, the most vahiabh dyes are 
those derived from p-diaifiines, through their di-o-mmcapto deriva¬ 
tives. For exanqile, from anthraquinone-2-iddehydc and the 
suhstancc 

, HS SH 

(which may be obtained from benzidine by the action of sulphur 
monocW^ride) dyes are obtained which are similar to tho.se resulting 
from the sulphurisation of the condensation ])rodtict of anthra- 
quinbne-2 aldehydo and benzidine 

Thiazoles wjiich are isomeric with some of those obtained accord- 
‘ ing to the above jiatents are described by the Badische Company. 
They are yellow vat dyes and are obtained by condensing 1-mer- 
capto-2-aminoanthraquinone with an aromatic compound con¬ 
taining as substituents in its molecule at least two reactive carbon 

”> G.P. Appl. C.26,892. 

“* G.P. Appl. B.98,100. 

»“ G.P. Appl. C.30,710 ; E.P. 189,367. 

»”E.P. 198,077. 
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atoms. For example, 2 mob. of l-mercapto-2.aminoanthra- 
quinone and 1 mol. of^terephthaloyl chloride give'” 



C.H, 


A series of new vat dye.s lias been obtained by the Soc. Chem. 
Industry in Basle by condomsing ;8-naphthoquinone or its deriva¬ 
tives with a-uminoanthraquinone or aa-diaminoanthraquinones. 
The prodncts condense readily with o-diaminoanthraquinone to 
give v.'it dyes, e.g., j8-naplithoquinone is condensed with o-amino- 
aiitiiraquinone and tlie pioduct further condensed with 2,3-diamino- 
anthraqninone, tlius 


NHC„H,Oj 



NHCj.H.Oj 

/\/\ 

vO-''-r 

11 , \/ 

N ■ 
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The ))ro(.luct illustrated dyes bordcaux shades.'** 


The looseness to chlorine of ordinary Indanthrenc Blue appears, 
according to a patent of the BadLsche Company, to bo due to the 
presence of impurities. A dyestuff free from these impurities, and 
fast to chlorine, can be obtained by starting out from j3-amino- 
anthraquinone which has been purified by fractional precipitation * 
from solution in strong sulphuric acid. Alternatively, Indan- 
threne Blue made from the ordinary quality of ^-aniinoanthra- 
quinono can be purified and made chlorine-fast by fractional pre¬ 
cipitation from sulphuric acid solution. Another method of 
eliminating the objectionable impurity b by prolonghtg the caustic 
potash fusion of ;S-aminoanthraquinonc.'®* 


Quinone Vat DVes. 


Tins new class of dyes originated about 1911, and W(iS just 
beginning to bo know'ii when the war broke out. The wjprk 
commenced with the patent of R. Lesser (purchased by Mebter, 
Lucius, u. Briining) for using as vat dyes the quinone-aiylides, such as 
dianilinoquinone (dyes yellow) and dianilinonaphthoquinone (dyes 
red).™* This discovery was rapidly developed by Mebter, Lucius, 
u. Briining, and a stream of patents began to pour out, 

the main object of which was the improvement in the shade 

• 

204,249. 

”• E.P. 195,763. 

• E.P. 184,193. 

*»» G.P. 236,074. 
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and dyeing jEiopeities of the simple quinone-anilides, generally by 
treating them with stiljihurising agents. 

The ronstitiilion of the new dyes i.s not (Juite eertiiin, excejit in 
tlie easc'of tlte simplest members of the .series, the ([ninone-amlide.s, 
of which a typiiud e.vample is 

<! 

Ci; 'Xlf, '('I 

() 

The dyes made by snlptuirising the quijioiie-anilides ; jaeferably 
containing halogen grouj>s in the (niinone residues) are ])iobabiy 
thiazine-c[iun()nes A typical case is the ])rodiict ot Ihi- action of 
sodium sulphide on the dianilide of diehlorispiinone, and it imy 
have the constitution'"'- 


() 



• ' .s / '-xn ' 

() 

The sulphuris.dion, according to the e-'Can\ples given in the jialents, 
is probably not v<ry far-reaching a.s compared with the ea.s<‘ of tlu' 
ordinary sulphide dyes. At ihe same time, the ultimate .shade and 
dyeing properties of the new dyes are influenced by the conditions 
of reaction, from which it woidd apjiear that, like the suli>hur 
dyes, they are not ]><'rfectly homogeneous, an I llieii- ■hemistry 
must be discussed wdli caution. 

Alternative methods of ])re[)aratiou which have been jiatented 
appear to confiiin the thiazine-quinone constitution : for exam])le, 
dyes very similar to the siilphuri.sed ehlorotpiinone-anilides are 
obtained liy the aetiou of arylamines on (rjinOne iliio-derivatives 
such as* the tJiiosulpbonic acids, mereaptans, and the diquino- 
sul])hides and disuljihidi's.'-"-’ The .shade of tlie dyes obtained in 
thi.s can be improveii (f.c., intensified) by further treatment 

with an arid (concentrated .sulphuric acid) or an acid reducing 
ageftt.«'‘ 

'I'ho dyo.s aji-eady l•('feITed to all come wilhin the yellow to brown 
j-ango of sliades. An e.vtension in the direction of black is described 
in a recent jiateut of Aleister, Lucius, u. Bruniiig, in wliicli the m- 
and ^j-nitroanilides of benzoquinone or liulogenated benzoquinone 
arc .sulphurised. Tims the condensation [iroduct of w-nitroaniline 

G.P. 262,18(1. 

* G.P. 26.8,282, 26.',,19,8. 

“ G.P. 362,457. 

-»‘E.P. 147,76+ ; G.P. 366,734. 
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ind chloraiiil gives brown-grey to green-grey dyes, necording to the 
conditions of siiljdiuri^ation.^"*' 

Latterly the same firm has included naphtluxjuinojies within 
he scope of this series. It has been found that when 2.3-fiichloro- 
.4-naphlho(|uinone is condensed with aniline and the jwodiict 
realid witli sodiimi sidphide, 2-phenylamiiio-;!-mercapto-1.4- 
ia]ihthoipiinone is formed. 'I'ins mercaptan leadilv' oxidises in air 
o form tienzonajihtho-p-ihia/.ine-cjuinone.™'' 

The new dyes are iiartieularly adapted to the dyeing of wool 
rom the liydrosulpliiie vat. and certain marks of llelindoneYellow 
nd Bronn may belong to this class. Trouble seems to have been 
n»countered on account ot had xattiiu; properties, however, and 
nany of the later jeatents of Meister. Lucius, u. Briming hav'e 
eft't'ence to easily a])]ihed leuco-iirc)carat ions.-"' The jeroduction 
if stable, dry ])reparations ot mixed leueo comjionnds of one or 
ither of the new rat dyes, together with leucoindigo, apjiears to 
le ])articularly interesting, Tim combination shades produced by 
■licli mixtures may range from green to lilaek. .V successful vat- 
iltick foi' wool would eom|)ele with the ehiiime blacks which 
uive hitherto held undis|mted sway in the dyeing of fa.st blacks 
m this lihre,''^''* 

An expansion of the (piinone vat dyes literature on liims more or 
ess similar to those originally followed by Master, Lucius, u. 
friining is now taking place at the instance of other colour lirms. 
iassella \i, (.'o., for exam|)le, condenses a (|uinoneor a halogenated 
luinone with an o-arylamino-nmrcaptan or an equivalent thereof, 
■ueh as an o-aminoarylthiosulphonie acid, an o-diaminodiaryl 
lisulphide, or one of the prodiu'ls of the ifovel reactioii of sulphur 
•liloride on an amine discovered by Cassella- u. Co.'-'a' 'I'he pro- 
lucts tibtained dye wool brown from a hjalrosulphite vat. From 
heir mode of formation they would be (>xpected to be closely 
•elated in eonstitutton to the dyes tieseribed earlier by Meister, 
aicius, u. Briining. 'I'lie patent covers the further treattnent of 
hese pniducts with polyRul|)hiile, in which case true sulphide dyes 
ire obtauied, they dye cotton from a sodium suljihide Uath in 
Lades ranging from red to black.-"* ' 

The products obtaiTied fi'om the arylamides of o-quiiuines dfKer 
rom those discussed above. Cassella. u. Co. hav'e obtamed from 
J-napiithoquinone, either by condensing it with an*o-aminoaryl- 
ncrcaptan or alternatively by suljihurising its arylamide, dyes 
vhich give comparatively unuiteiesting shades whim dyed on wool 

»=> G.P. 370,155. 

G.P. .a^ipl. F.49,207. 

-‘"G.P. 368,101. 

“‘E.P. 171,078, 177,,520. 

“*E.P. 17,417/14, 18,292/14. 

•®"’E.P. 204,108. See also Kleininami's G.P. Appl. K.54,175. 
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from the vat, but which turn to very fast shades (green) when after- 
chromed. These dyes may have a simple thiazine structure, e.g., 


OH 


Q /\/S 
'l \ 


\/ 



and the o-hydimy group would explain the chroming property 
In order to round off the review of this group of dyes reference 
should be made to the vat green obtained by the Badisohe Company 
by simply beating a-naphthoquiMonc with water under pressure,^'- 
A now discovery by the Akt.-Oes. f. Anilinfabr. can bo con¬ 
veniently dealt with under the heading of quinone vat dyes, thopgh 
what the constitution of the new dyes may be is a matter for 
speculation. They arc prepared by condensing a 1.4-qumone 
which has a halogen group in the 2-position (c.f/., ehloranil, 2.3- 
dichloro-1.4-naphthoquinonc, 2.3-dicliloro-4-naphthasultamquinone. 
etc.) with a phenazine or naphthazinc having an -OH or -NH-SOj- 
group in a pow-])osition to one of the azine nitrogeiw, e.g., hydroxy- 
toluphenazine (from 2-hydroxy-5-methyl-l .4-benzophenone and 
o-phenylenediamine) or eurhodol (from 2-hydroxy-1.4-nap}itho- 
quittone and o-phenylenodiamine). The nciv products dye cotton 
generally in yellow shades from the hydrnsulphite vat.*‘“ 

It has further been found that the hydroxyphenazines or hydroxy- 
naphthazincs mentioned above can l>e replaced by Jicrklines which 
have an OH group in the para-posiiion to th(^ acridine caibon atom. 
For example. 2.3-dieh!oro-1.4 naj)hthoqumone when condensed 
with the dihydroxyaeridine obtained from 3-amino-1-naphthol and 
formald'hyde gives a vat biwvn.^'* 


SuLi’HiuK Dyk.s. '• 

Comparatively few important novelties with regard to sulphide 
dyes have been announced in the literature in recent years. Accord¬ 
ing t()<an invention of the Soc. Chem. Ind. in Basle indophenols 
deiL'ved from p-aminophenols and monoalkyl-a-naphthylaraines.are 
converted into sulphonic acids by treating them with bisulphite. 
The new sulphonic acids on treatment with polysulphide in the 
presence of copper give sulphide greens.^'^ 

A bright greenish-blue sulphide dyestuff is claimed by F. Bayer 

*“G.P. Appl. C.28,296, C.26,297 ; cj. E.P. 1.71,000, and Ann. Reptt., 
1922, 7,103. < 

“ G.P. 367,089, 360,738 ; cf. E.P. 168,447 ; Ann. Kepts., 1922, 7, 103. 

““ E.P. 192,842. 

G.P. Appl. A. 30,973. 

““E.P. 201,540. 
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u. Co. to be obtaftied by sulphurising the indophenol obtained from 
methylbenzylaiiilme and quinonechlorimide.®*® 

Improvements in Ae manufacture of the carbazole-indophenol 
dyes (Hydron Blue) arc claimed by W. L. Galbraith, W. tjewcock, 
and S. B. Tallantyre (Gas Light and Coke Co.), the essential 
feature of which Ls the formation of the indophenol from carbazole 
and nitrosophenol by bringing the reagents together at tem- 
peratui'os not exceeding -5'"C. The lower the temperature the 
purer the resulting indo]>heno]. In the case of the alkylcarbazoles 
the maximum tem])eraturc recommended Ls -lO” C.^'’ 

The >Soo. (!hem.Tnd. iq Basle claims that the addition of benzidhre 
Ims a favourable influence on the sidphur-melt ot earbazole-indo- 
])henol, a new dye re.sulting which is more like indigo than that 
oktained from the carbazole-indophenol alone.''^*" 


Miscellaneous Dues. 

Halogcnatiou of acridine dyes has a beneficial effect especially 
on the shadeA. G. Green, E. B. Adams, and the British Dye¬ 
stuffs Corporation, Ltd., have discovered that acridinium salts can 
be brommated in cold arpicous solution to give orange to scarlet 
basic dyes. 'I’liese dyestuffs, when subjected to the action of 
acids or acid s.rlts, are again converted into ofher now products 
which upon dyeing exhibit a further remarkable change of colour. 
They produce in dyeing and printing shades of red far bluer than 
the original brominalion products. 'I'his change also occurs duriiq; 
bromination if it is effected in the presence of a sutticient amount 
of a mineral acid. The nature of the transformation has not yet 
been fully elucidated, but it is believed by the patentees to be due 
to a’molecular re-arrangement involving a transposition from an 
orffeo-quinonoid to a pam-quinoiioid type.^‘'“ 

9-Aminoacridme and its derivatives have been synthesised in 
various ways by Meister, Lucius, u. Btiining.^* 

A number of dyes analogous to the phthalems have been prepared 
by various investigators. A. Lapworth and J. A. McRrfe have 
obtained resorcmolphenylsuccinein by condensing phenylsuqpinio 
acid with resorcinol.^ 

The condensation of diphenic anhydride with sesoreinol was 
found by F. Bischoff and H. Adkins to yield a product very similar 

U.S.P. 1,449,681. 

” E.P. 201,624, 201,625. 

E.P. 499,360. 

G.P. 360,004. 

“E.P. 194,165. 

G.P. 360,421, 364,031-7, 367,084. 

• ^ Chem. Soc. Trana., 1922,181, 2722. 
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(o^uorescciii <an(l whuJi gavo a tetrabromo-conipomid like Eosiii “s 
P'jfrrol-phtlialcin has heon doscrihed by B. Oddo and F. Togna- 
cchini. 

A lunt syiillipsis in llio azino group has bfcn drscribed by A. 
Wahl, K. ],/aiilz, and tlic Soo. Anon, dcs Mat. Col. et Prod. CJiini., 
St. J>enis; 4-arvhiinino-l -aryh'niino-2-naphtho<ininono (seo imgc 
100) is oxidi.s('d i.i the 'i)rcso)ioc of aniline. Phenylrosinduline is 
stated to be obtained in this way in nearly theoretical yield and 
pure enough to bo sulphonaled directly to A/,o Carinine.-^ Tho 
reaction is as follows :— 

/“\ 

\_/ 

(’.n.-Mi/ ' ■ X I'jr, ('„Ti.Nij„ 

^_/ 

() 

A novel fy]K“ of dyestuff is elaiined by I, 1C. Behni.stedt to bo 
obtained from glyco.sin(! either by nitration and reduoliosi or 'oy 
halogenation and aniidation.”-'’ c 

Dccae 3 'cdene and dinaphthyleni'thio])hene (tlic ])roducts of dehy- 
di'Ogenation of acenaphthenc by means of .'■uljdmr) are stated by 
K. Dziewonski to give acid dyes nium sulphmiated. Phe sul- 
jihonic acids give.vat dyes when fused with eaustii' alkalis.--' 
Another e\am])lc of a sulijhonated iix'drc'carbon eehich gives acid 
dyes having gofxl tinetoiial power is jvrovided by F. Kebr’inann 
and C. Buffal, namely, dibi])heuylene-ethane tlm sulidionic acid of 
which d.yes wool and silk in shades similar to those given by 
Drangtv jl.--® 

X Jntcr. CIhiu. Hoc., 46» lO-'Kt. 

Onzz. CJtiiii. JtaL, 53 ) - 05 . 

E.r. 200,488. 

(J.P. Appl. l.,.53,01)5, L..W,0'.)7. 

'•■-Ul.r. 370,010, 38r>,‘)50. 

Chon. Am. 1023. f, 055. 
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i’APEK. 

By Chaulbs Dimi'.i;, Jf.A., ll.Sc., 

CJtemifi'rii Depaiinwnl. Boroutjli PoI;/l(‘clnu<' In-ilitufc, B.E. 

rilK year })as booii (‘.lo of sloaely iirogrcss in tlic rtovelopnient 
)f*our knowledge of the elieinistry' au<l technology of texlileH, 
lavticnliirly of those based n])on eellulose. On the ehemieal side 
th^ work of the St. Andi'ens school has finally resulted in a con- 
ditutioiial formula for (he eellulose unit eoinple.v and |iav(al tho 
ivay to a future synthesis of eellulose. The British Cotton Industry 
liftpeareh Association, on the other hand, has initiated a series of 
rejearehes into the physical and technical qualjties of the cotton 
hair -the unit on uhieh all the niialities of cotton a.s a structural 
inatorird arc founded, which will ultimately juove of (he greatest 
technical value. Both sides, (he chemical and the physical, are 
of fundamental importance ; yet it is intei'esting*to note in going 
through tho literature that at present they are almost completely 
divorced from one another. A knowledge of (he chemical oon- 
.stitution of cotton cellulose does not yet help in the manifold 
applicati(m3 of the cotton hair, and an insight into tlu' comjiosition 
of hgnin does not explain the (pmlities »f wood as a stru'dural 
material. 

(!i)rri >N. 

Raw Cation : iSvpphj and I’rcjiaration. 

W. R. Bonopi hfft! considered the ])roblems eonneeted ■^ith the 
supply of raw cotton, pointing out that *luiing the past twenty-five 
years the consumption has been increasing at a greater i-ate than 
production, this being due partly to the decline in the averagT; crop 
per acre in Egypt and America, and i)ai ( ly to the pink boll worig in 
Egypt and the cotton boll w<“evil in (he States. The report of the 
British Cotton Crowing Association states that th^ inimber (f 
bales marketed by them from xVfj'ican and other sources con¬ 
stituted a record both in number and value. It points out inci¬ 
dentally the increase, in the consumption of home-grown cotton 
by American mills from 30% in 11)01 to 55% in 1922. It is satis¬ 
factory to tiote that tho Council of the Textile Institute has 
undertaken® the promotion of the Empire Textile Conference at 

‘ J. Text. Inst., 1923, 14, 107r. 
im., 1923, 14, 169P. 
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the British Empire Exhibition of 1924. The seientific investiga¬ 
tion of cotton in the -widest sense will undoubtedly take a pro¬ 
minent place in the deliberations of this Conference. 

The Jniversity of Manchester is co-operating with the Empire 
Cotton Crowing As.socintion in a campaign agaimst the parasites, 
animal and fungoid, wliich attack cotton. As a beginning, three 
highly qualified invci?ligators have been appointed to cai-ry out 
research. 

The question of cotton grading in the United States is considered 
in .several niticlcs.* Th(“ United States Cotton Standards Act 
contemplates the is.sue of regulations (n) for the classification of 
sample.s with a view to enable, an owner to obtain the commercial 
value of the sample.s, and {b) the collection and classification of 
sample.s of undoubted authenticity. The official samples are 
stored in evacuated tubes under special conditions, of which a 
description is given. The certificate of the Department of 
Agriculture is to be the final word as to classification for legal 
purpo.ses. ’* 

H. Fltihr'' describes a number of new methods for determining 
mean staple lengths and constructing staple diagrams. In a 
typical oi\e a sliver, in which the hairs are well mixed and paralleled, 
is gripped along a line at right-angles to its length. The loose 
hairs are combeu out, the sliver is cut along the line of grip, and 
the tuft weighed. The mean staple length is then given by the 
product of 2 X length j)er unit mass of sliver x mass of the tuft. 

The question of softening the cotton wax in the preparation of 
cotton is dealt with by P. F. Estey,^ who gives directions for the 
preparation of a number of softening mixtures, and by E. Knceht.** 
who recommends the treatment of dry cotton, at any stage up to 
the spiraling process, with air charged with the vapour (if such 
hydrocarbons as solvent naphtha. 

The importance of the incrusting materials j resent in raw cotton 
has loiig been recognised both from a technical and a scientific 
])oint of view', and v/c note coirsiderable progress in the elucidation 
of their nature and relationships. Working on lines which have 
proved .so .succe.ssful in the examination of many plant materials, 
B.*G. Fargher and E. M. Probert,’ of the British Cotton Industry 
Research Association, examined the benzene extract from two 
tons of Amtrican cotton .sliver, the 8 lb. of solid wax obtained 
being extracted fractionally with solvents. The major con¬ 
stituent of the wax is a new alcohol, CsoHjjO, to which the name 
of gossypyl alcohol is given. It occurs in three forms, differing in 

’ Texl. World, 1923, 64, 228, 283. 

*L'Ind. Text., 1923, 39, 166. 

‘ Amer. Dyestuff Report, 1922, 11, 300. 

‘ E.P. 195,870; J., 1923, 646a. 

’J. Text, insf., 1923. 14. 49l j J., 1923, 203a. 
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melting point and solubility: the y-form, in.p. 87°, appears in 
the petroleum ether extract; the a-form, m.p. 87°, which is the 
most insoluble of the*three, is found in the chloroform extract 
The other constituents include montanyl alcohol, CjgHjgO, and 
oarnaubyl alcohol, together with phjrtosterol and sitosterol (the 
latter as glucosido). The hydrocarbons, CjoHsj and CjiHji, were 
isolated, together with a mixture of liquid hydrocarbons of the 
ap])roximate composition C! - 86-6 ; H — 12-8%. 

S. H. Higgins* urges greater uniformity in the methods employed 
in the analytical extraction of vegetable fibres by solvents. He 
suggests, as a standard, extraction with benzene for 8 hours. This 
author finds that (‘xtraction with any particular solvent is incom¬ 
plete. A sample of flax, for example, which gave 1-39% of wax 
wjjen extracted with ether, gave a further 0-27“o on extraction 
mth benzene. These re,suits probably find an explanation m the 
observations (described above) on the varying solubility of the 
three forms of gossypyl alcohol. 

“"E. Knecht and G. H. Streat® have also critically examined these 
]«)ints, working with considerable quantifies qf Egyptian, Indian, 
Nigerian, and American cotton. They find generally that after 
partial mechanical or chemical disintegration all cottons give a 
higher percentage of extract to organic solvents such as benzene. 
Thus an American cotton coni))letely exhau.sted Vitli benzene gave 
0-()3% of extract. It was then treated for 15 minutes with hydro; 
chloric acid of sp. gr. 1-02, after which a further 0-21% of extract 
was obtained. Further treatment with acid of sp. gr. 1-025 
boiling for 15 minutes, drying ami powdering, resulted in the 
extraction of an additional 0-39% of waxy matter. A crystalline 
solid, m.p. 02“, was isolated from these (? palmitic acid); and 
from, Egyptian cotton, besides the cotton wax of iSchunk, m.p 
80°, another substance of m.p. 79° w-as obtained. 

A proce.ss for the partial removal of incrusting matters from 
cotton j'arn by extraction with gasoUne and other solvents,* w'herebj 
an increase in tensile strength of upwards of 25% is claimed, forms 
the matter of a patent by R. W. Jacoby.i" 

A further notable contribution to our knowledge of the reactivity 
of the substances associated with raw cotton, results from the 
experiments of P. H. Chfford and R. G. Fargher,ii 
examined the volatile products obtained by the'jiydrolysis of ' 
American cotton (o) with 2% sodium hydroxide solution, and (6) 
with water alone, under a pressure of 40 lb., for 8 to 10 hours in 
each case. Among nitrogenous substances ammonia and tri- 
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iiielh)'lamiuo were koLitcJ by both luotlioih, 'while the allsaU 
Ireutment gave also a pyrroh' derivative. The alkaline treatment 
gave a.s chief jirodiiets inelhyl ideohol 'and acetone, whereas 
with Witter alone aeetiildchyde and iieetone were obtained. A 
number of other products of an aldeliydic or ketonie character 
were isolated in derivative form, A minute (piantity of am oil 
wa,s also found from which an aldehyde or ketone, ('] 5 H, 2 |, 0 , could 
l)e separated, the remainder consisting of an oil of e,am])horaceous 
odour which darkened on keeping and proved highly re.sistant to 
all the usual chemical reagents. Its analytical eomjiosition 
(C — 82-t)‘’(,: U =- ll-2,'>‘’„) pointed to the formula C|,Il;,n(). 

Slracliire anil I’rniierlieti iij llii ('nUnn Hair. 

R. 0. Herzog*''^ contiiiues his interesting I'osc'arehes on the X-it.y 
stnicture of cellulo,se. uhieh show th.it the ultimate element.s of the 
hair comsi.st of minute cry,st;ds, one iivis lunning ])arallel to the 
length of the fibre. 'I’he lii'itish (Vtton Industry Research Assii- 
ciation has during the year contributed a number of valuable 
papers dealing with the cotton hair~a unit the fundamentfil 
importance of which was eaiiy recognised by W. L, Balls, ft i.s 
rightly insisted that the term “cotton hair " is to be preferred to 
that of “cotton fibre. " and the former term will be adopted in all 
communications of the Association The [inper.s themselves 
which are illustrnti'd by numerous iilates, are e.xeeedingly difficult 
to .summarise and nothing more than an indication of their contents 
can be given. H. ,f. Denhand’ continues his study of the structure 
of the cotton hair and its botanical aspects, considering now the 
morphology of the wall.' The work contains 8(i photograjihs and 
a valuable apjiendix is included dealing with optical fallacie.s and 
errors due either to incorrect adjustment of the microscope 'Or to 
images formed with polarised light. The structures involved m the 
w'all of the cotton hair arc described undei' the headings of 
striations, (^onvohdions, slip-planc.s, Mosenthal’s ]ht.s, “ buckling” 
lines, and abnormalities. The slip-jilanes shown by Robinson to 
occur hi the cell w'alLs of strained wood aie found to occur widely 
in cotton. The author is able tinally to give a tentative theory of 
wall formation. 

W. L. Balls** has devised three new methods for the examina¬ 
tion of the structure of the hair, viz. (a) observation in elliptically 
polarised light, {b) preparation of longitudinal sections, (c) the 
development in the primary wall of a definite structure and of a 
substance reacting to cellulo.se stains, by boiling with potassium 
hydroxide solution. The results obtained by the application of 

“C/»em.-%., 1923, 47, 21. 

^Shirky Inat, Mem., 1923, 2, 01, 

*‘Proc. Boy. Soc., 1923, B95, 72. 
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those methods arc of the highest interest, and in addition to the 
structural elements determined, various chemical relationships are 
mdicated. For example, the effects of certain structures on 
polarised light arc searcely affected liy strong alkalis, *yet are 
abolished by acids. Speculations as to the ultimate structure in 
terms of the s|)ace lattice hypothesis arc given, and the author 
suggests that the wall is a sp nge-like structure with free air-spaces 
in betwt'cn. 'I’lic speeilic gravity of the cellulose cell-walls is about 
((•11- Id. An iiiten'stiiig h'ctui'e, including a discussion of many of 
the.se difficult ]irohleins, was given by W. L. Balls^^at the meeting 
of the British Associatiop at Liverpool. 

•rhe rigidity of cotton hairs has been e.vamined by F. 1'. Peirce,’* 
who shows that the resistance to twist and the forces developed 
dicing the twisting of a cotton hair, have a direct influence on 
yarn properties. 'J’hc coefficient of rigidity was found to be 
^ 0-23 X 1(1" dyne.i |)cr sp. era. (about one-tenth of that of glass), 
iiidrs of all kinds are shown to have an ajiproximatcly constant 
volume of cellulose which is independent of the staple length. For 
normal hairs this volume is 3-S X 10 “ c.c. 'I’liere are thus about 
4-25 X 10“ hairs to the cubic inch, or 78'5 10* to tho pound of 

eotton. Another piece of work by the same author” deals with 
the plasticity of cotton hairs and other textile materials. The work 
was undertaken to study the effect of time and\emperaturc con¬ 
ditions. and of humidity, on the twist in yarns. The method de¬ 
scribed, however, is of nnicli wider a])plieation and may boused to 
determine the optimum conditions and efficiency of such major 
o))<‘rations as spinning, maturing, doubling, and finishing, and also 
of textile qualities affecting the handle, the Recovery after stretching, 
creasing, sagging, and the effects of washing and ironing. A mag¬ 
netic •torsiometer employed is fully described and illustrated. 

On similar lines the physical and structural conditions accom¬ 
panying the merceilsation of single cotton hairs have been studied 
by R, B. Willows, T. Barratt, and F. Parker,’* • 

These observations, published in 1922, and dealhig more 
especially with the influence of the alkaline solutions on the Jength 
and cross-section of the hairs, have been sujipleraented by those 
of O. E. Collins and A. M. Williams’* on the swelling of the cotton 
hair in aqueous solutions. Tho change in length of the hairs is 
measured by’ an iiLstrnmcnt on the lines of J. Mueller's turgometer. 
The increase in length observed in water and dilute solutions of 
alkalis is diu' almost entirely to the removal of convolutions, and 
therefore the more complete their removal in preliminary treat- 

TciS. hml.. 192:i, 14, 2a2p. 
mi, 1923, 14 , It. 

'■ mi, 1923, 14, IWdT. 

, mi, 1922, 13 , 229 ; ,r., 1923, ..lA. 

1923, 14 , 287t, 2941; ./.. 1923. lOtlfiA. 
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ments, the greater will be the shrinkage of the hairs in tlie mer- 
cerisation process. Maximum swelling occurs at a 15% silutioa 
of sodium hydioxidc, and no advantage is gained by increasing the 
concentration beyond tlnis point. H. F. Coward and L. Spencer-'’ 
have also contrilmlcd valuable observations to this ])roblem of 
swelling. With the aid of a suitable centrifuge working up to 
8000 revolutions per minute, they haye made the iinst direct deter¬ 
minations of the water and sodium hydro.xide jirescnt in the alkali- 
saturated cotton. No evidence of chemical combination between 
alkali and cellulose, nor of simple adsorjition, was obtained. 
Maximum .swelling, in agreement with the work described above, 
was found at 14-;i‘;{| sodium hydro.xide, from which it is deduced 
that it is the cuticle which liuiils the swelling. The maximum 
swelling is less with yai'iis and fabrics, owing to the additiol.al 
constraint imjiosed. The results also emphasise the necessity of 
keeping the cloth uiwb'r tension till nearly all the mercerising 
alkali is removed. 


Tlie. Ahhu of cariuiin Jijeiils on Voiton. 

A. M. Williams,-' in a note on the cor.i|)ression of cotton for ex- 
jicrimental jmrposos. mentions that although theoretically 15 grams 
of cotton should go into a 10-c.e. tube, in practice no more than 
2-5 grams can bo iirserted. By using a .screw' pastille jire.ss, how¬ 
ever, plugs of cotton can be made ,so that as much as 7 grams can 
be handled in a lO-c.c. tube. The mechanical breakdown of a cotton 
driving rope under acute bending previously referred to'® has been 
considered by W. W’arr'''® as evidence that permanent change in 
the reactivity of cotton can be induced by mechanical means, and he 
has utilised these observations in a most ingenious way. The author 
finds that if a piece of wet oaheo stretched on a glass plate is sub¬ 
jected to pressure, e.p,, by drawing the end of a ^lass rod over it, the 
marks riiil be seen when tjjic cloth is dyed with a vat, sulphur, or 
direct cotton colour. The effect is not removed by bleaching, and 
on 8u*h pressure-patterns a new method for ornamenting cotton 
and other fabrics has been based, the process for which is awaiting 
commercial exploitation. 

A useful review of the literature surrounduig the action of light 
> on cotton is/given by P. W. Cunliffe.®* P. Waentig®^ has studied 
the action of a 1500 H.K. quartz-mercury lamp on cotton, as well 
as on most other textile fibres. If the light w'ere passed first 

J. Text, lust., 1933, 14, 28t, 32t; J., 1923, 221a. 

“ Shirley Inst. Memoirs, 1923, 2, 225. * 

Cross and Jloroe, “Kosearelies on Cellulose,” 1922, pp. 17, 18. 

“ J. Soc. Dyers and Col., 1923, 39, 361. 

‘‘J. Text. Inst., 1923, 14, 314l. 

“Z. OMffeu). Chan., 1923, 38, 367 ; J., 1923, 826a. 
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through a sheet dS ordinary or Uviol glass it had no action. The 
author disputes Turner's statement that the destructive effect is 
one of oxidation, since ?io oxycellulose could be found in the exposed 
cotton, and the tendering took place also in an atmosphere of 
nitrogen. These re.sults, it may he mentioned, are at variance 
with those previously obtained by the present waiter and others. 

The relation of the moistme content of cotton and other textOe 
materials to the humidity of the surrounding atmosphere ha.s been 
studied by R. E. Wilson and T. Euwa,“® who have given curves 
from which the humidity equilibria have been obt.ained under a 
variety of condition.s. The moisture content rises .slowdy in air 
j)»sscssing a low bumidily, say, between 20 and 60%. Linen 
show’s a minimum moisture-content at a maximum humidity. 

•fhe qualitative and quantitatiAc alisorjition of Methylene Blue 
by cellulose fibres has for many years been employed as a general 
test for “ oxycellulo,se '' and over-bleaching. As a prelude to an 
attempt to determine more exactly the relation between the 
extent of oxidation and the amount of dyestuff absorbed by the 
cotton, C. Birtwell, T). A. Clibbens, and B. P. Ridge*’ liave studied 
the absorption of llethylene Blue bj’ normal cotton celluloses. 
The pajier should lie consulted for several useful ])oints of technique. 
The results obtained by titration with Naphthol Yellow 8. and 
by lh(! titanoiLs chloride method agreed closclyT Examination of 
the u.sual colorimetric method showed that it is incorrect to 
assume, as is usually done, that the concentrations of two solutioiis 
of Methyienc Blue showing equal colour intensity are inversely 
](roportional to the observed lengths of the columns of solution. 
If the concentrations of standard and unknown are considerably 
different this assumption i.s very far from the truth. The authors 
find that in order to avoid this error solutions of 20 mm. depth 
for the standard should be matched by unknow’n solutions of 
between 17 and 23 mm. in depth. 

The general results show that the«absorption varies with the 
origin of the raw material, e.y., American cottons have a lower 
absorption than Egyjitian samples bleached in the sanib way. 
The absorption varies also, as stated originally by Kona, and 
Michaelis, with the ash content, or rather the ash alkalinity. If 
the cotton remams the same the decrease in absorption follows 
the removal of the non-cellulosic impurities, and hence the 
Methylene Blue test does offer a method of following the progress 
of the removal of such impurities during bleaching. 

The ac^on of micro-organisms on cellulose conthiucs to be 
examined from the two points of view: (1) the nature and pre- 

J. Ind. Eng. Chmn., 1922, 14, 913. ; J., 1922, 926a. 

"J. Text. Iml., 1923, 14, 297t; J., 1923, 1006a. 
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vention of their attack on the fibres, and (2) the fermentation of 
cellulose for the production of power f;as and other products. 

H. J. Denham''** in a communication illustrated by many photo- 
microgrsph.s of damaged fibres, shows that serious damage may 
exist in cotton liefore any indication can be olitained by the 
usual methods, and that cx'cn localised infection may seridusly 
interferi^ with spinning ipialitics. 

From the chemical side C. Neuberg and K. t'ohn** find that 
when fermented at .‘>7' or oo" cellulose, in breaking down to 
hydrogen and methane, yields acetaldehyde as an intermediati^ 
product, the pi'oeess thus resembling a butyric acid fermentation. 
H. Langwell and H. b. Uiud,*" whose work on the product ion mf 
power-gas from cellulose is well known, contribute a paper to the 
Institute of Bri'wiug. in which they point to the 12,01)0 tons*of 
s|K'nt hops annually available in thi,s country as a -waste cellulose. 
The great defects in the ai)plieation of the cellulose-fermenting 
organism used by Ihesv- w-orkers lie in its extreme sensitiveness to 
traces of copper and in the fact that it cannot decompose cellulose 
in the pre.senee of unaltered lignin, although all non-lignifi<d 
celluloses are readily attacked. 

The report of a discussion on the irnuenlalion of cellulose, 
initiated by the Society of Chemical Industry,*' contains contri¬ 
butions by well Unown authorities in this field, whilst an excellent 
review of previous work cm the action of miero-organisms on 
cotton and (a)lto]i fabrics is given by ,1). Arastead and S. C. 
Harland.** 

A variety ol agents, elu'inical and mcelianical. arc brought to 
bear on cellulose fibres iuithe course of the ordinary laundry process 
in which treatment with dilute alkaline solutions in the ]n'oscnco 
of air and oxidising agents is constantly repeated. The effects 
have never been studied, but a few tentative publications that have 
recently a])i)eared show that the subject is aittracting attention. 
The British Launderert’ Research Association also has a scheme 
of research in hand dealhiff with these points, the results of which 

will be awaited with ini crest. 

• 

Wool. 

• 

The British Reseaich Association adopts a .sound policy by 
instituting a .scries of Research Fellowships and advanced Scholar¬ 
ships for iwork in connexion with the woollen and worsted 
industries. The first ajipointment is in connexion with the 
investigal ion of the action of fungi on wool during storage. 

=»./. Text. Iwt., ]!)22, 13, 240 ; J., 1923, 49.\. • 

■'> ISiochem. Zeih:., ]!)23, 139, 927 ; J., 1923, 993.V. 

“./. hid. Brcmitiq, 1923, 29, 302 ; C'/ioa. ring hul, 1923, 237. 

=• J., 1923, 279t. 

J. Ttxt. hid.. 1923. 14. ir,7T. 
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The Departmeut of Agriculture, U.S.A., is endeavouring to 
secure uniformity in the use of wool trade definitions betw'een the 
English-s])eaking ))eoples. A representative set of sainjjles, graded 
according to the Bradford syste?n, has beeri enllocted antf verified 
by the Topniaking (V)inn\iltee of the British Wool Federation for 
the*!..-ie of the Washington Dejiartnient in. this connexion. 

An interesting aec()nnt o+' the floverntnent Wool-disinfecting 
Station at Javerpool-'’ .states (hat the introduction of a scheme for 
the compidsory disinfection of wool gave rise to nuieli uncertainty 
and apprehension in (he trade, leading (o a fall in iinpoHs. (’on- 
tidenee is, however. n<i\\^ re.stored, and since Juni' last the station 
h»s been constantly emiiloyed. The process inehides two mild 
alkaline soap baths, followc.d by treatment with formalin. 

*liie new conditioning house at Itradford. described in a recent 
article,'" employs a current of dry air at 112'' (' . the sample being 
weighed at intervals on a travelling balanc". The tests an; 
mirnjilcte in 4.') to (10 minutes. 

^S. A. Shorterdiscusses the moisture content of wool fnnn tin; 
point of view of seientilic theory in relation to (;f)nimereial |)ractice. 
He .severely eritiei.ses Haitshorne's work on the tapiilibrium between 
wool and atmospheric moisture, showing that the older work of 
Schloesing is tar more acemate. Curves are f.#ven which show 
that for ra])id cojiditioning high humidity and not too low a. 
tempcratiiri' are needed, ililling, according to the author, is 
]>rimarily due to the fact that wool fabric under ju’oper eondition.s 
of fibre (;ontaet becomes a eolledion of self-tightening mechanisms. 
High humidity is considered to act deletiy iously by inereasiiig the 
extensibility of the fibres, and on these lines the bad effect of high 
humidity in .sj)iiming I'lnglish rovings is explained. 

h. Fisher'*® also contributes a study of the rates of evapora¬ 
tion of water from wool, sand, and clay. Curves are given showing 
the ^'ariation in evaporation-rate a.s the water content falls. It is 
concluded that the force.s which cause file water to be retained arc 
.similar in each of the colloidal systems examined, and th^tt the 
shrinkage of wool is a deformation and not a volume .shrinkage. 

The production, for special effects, of a wool yarn which? on 
moistening, shrinks (xnisiderably, is (daimed by H. J. W. Bliss 
and the British Research Association for tlie Woolleif and Worsted 
Indu.stries.®’ The yarn is wetted, stretched to an iAereasc of at 
least 8% hi length, and dried under tension. If exposed during 
tension to moist heat the stretching effect is penuanent. 


('ii(ni.\iiiil hilt., im’:!, l!t;l. 

TalUc. Ueaiiihr, 102:!, 40, (i.'i. 

“■'.7. flue. Dyers and Uol., 1023, 39, 270; J., 1923, 1017.!. 
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S. V. Kapp®* has made an exhaustive examination of the aetion 
of various chemical and physical treatments on woollen fabrics. 
He states that the wcarhig test is far more sensitive than the 
tensile sltcngth measurement. 

The effects of the action of ozonized air on wool, studied by S. R. 
Trotman and I). A. Langsdale,’* indicate that the projicrties of 
wool damaged by ozone are very similjir to those of over-chlorinated 
wool. Pcrhydrol (30"4 hydrogen peroxide) rapidly attacks and 
dissolves wool to a clear .solution. R. Waentig finds that wool is 
practically unaffected by sunlight or by light from the mercury 
vapour lamp. 

Silk. 

But little .scientific work on silk is to be noted during the pitst 
year. The action of fight on the fibre has been studied by 
R. Waentig,'“ who finds it only slightly more sensitive than wool, 
and R. 0. Herzog,''- as the result of Rbntgeu-ray examination, 
states that silk, like cotton and other textiles, is built up *01 
minute crystals, on“ axis of which runs j)arall( l to that of the fibre. 

A scheme for the analysi.s of raw silk is given by R. rtz.” 

I'l.xx. 

A useful research of (1. Ruschmann'''' iidroduees a new method 
of staining whereby the mioro-ijrganisms on .scutched flax can be 
revealed and their number and po.sition examined. The number 
on retted flax i.s high. After 14 days' incubation the moistened 
flax lost 25% of its strength. The attack was due to spore-fonniiig 
bacteria, the number of aerobic forms greatly preponderating. 
The bacteria attack, chiefly the pectin, loosening the bonds by,tween 
the fibres, but in part also the cellulose itself. The author states 
that the ])ermissible moisture in flax, 12-u%, is too high, con¬ 
sidering'that the figure for cotton is only 

W. Kind'''’ has examined the differences in bleaching that were 
to be (‘ound among yams -ipun from flax which had been retted to 
different stages. After close examination of under- and over- 
retlcd flax, the conclusion is reached that to the bleacher the 
degree of retting makes no difference, but that it is of some signi¬ 
ficance to the spiimer. 

“• TexliVm., 1923, 4 , 237. 

J., 1923, 13t. 

« Z. mujew. Chan., 1923, 36, 337 ; J., 1923, 825a. 

« Ibid., 

Chtm.-ZeU., 1923, 47, 21. 

‘‘Ibid., 1923, 47, 39; J., 1923, 177a. 

** Faserforsch., 1923, 3, 131. 

“ Textilber., 1923, 4, 22. 
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The decortication of flax under pressure generally leads to a 
weakening of the streijgth of the fibre, owing to the acids produced 
decomposing the pectin in the fibre bundles, with consequent loss 
of tenacity. C). Ruschinami'*® overcomes this by a preliminary 
leaching, and claims that the fibre is then not damaged by several 
treat ments at four atnios)>hercs pressure. 

A jtiocess for tlie " cottou'sing ” of fiax-wastc has been worked 
out by P. P. Uudnikoft and P. W. Solotareff.*’ The wa.ste is 
heated under pressure vith alkali and sodium bisulphite, and 
the treatment rejteateil with liquors of diminishing concentration. 
The loss in weight piodjieed is of the order of 30%. 

Bast and Other Ve(;etaule Pibkhs. 

\aluable study of the behaviour of biist iibres under the 
inliueuee of caustic alkalis is contributed by (.'. R. Kodder and 
R. W. Kinkead,'‘“ of the Linen Industry Re.search Association. It 
iiwst be read in conjunction with the authors’ jirevious work^” 
iq which they showed that the component fibrils of flax and ramie 
fibres are arranged in left-handed spirals. The contraction pro¬ 
duced by caustic soda solutions of A'arious degrees of concentration 
on fibres of ramie and of flax has been measured. With ramie 
there is a remarkably .sharj)ly defined contractiqp maximum with 
a 10",', solution of sodium hydroxide (22-2'" Tw.). Flax shows a 
somewhat similai' series of curves. The untwisting of ramie was 
carefully e.x.iinined, and the results show that the maximum 
untwisting takes place with solutions jirodueing the greatest 
contraction. The work includes a study, of yarns, a comparison 
of bast fibres with cotton, and a di.seu.ssioii of the efllects ob-served 
in relation to lustre in mercerised goods. An interesting account 
of the spinning, mercerising, and dyeing of ramie was recently 
given by W. Marshall.'’" 

The pos.sibilities of the recently bitroduced Arghan {ibre are 
discussed by G. A. Lowry^' and by A. Alontefiore.^^ The cleaning 
of the fibre on a commercial scale is very difiicult. It is stated 
that a machmc has now been invented for doing this which 'should 
pave the way to the use of Arghan a.s a textile fibre. These is 
little doubt that for cordage purposes Arghan ha.s a future, espe¬ 
cially as its resistance to sea-rvater, determined by the present 
writer, is very high. There appear, hoAvever, to bo many diffi¬ 
culties connected with the fibre from the spuming point of view. 

Faaerdojjc, 1923, 5, .W. 

Z. aiimw. Chem., 1923, 38, 138 ; i/. Ahs., 1924, B, 11. 

J. Text. Imt., 1923, 14, 133t. 

1922, 18, IGl. 

‘“‘J. Soc. Dyers and Col., 1922, 38, 293. 

“ J. Ray. Soc. Arts, 1923, 71, 137. 

“ J. Text. Inst., 1923, 14, 29r. 
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A useful summary of the botany, structure, etc. of Arghan is 
given by G. van lterson.““ , 

C. Sunder''^ describes mctiiods for tJie pi’eparation of nettle 
fibres. 'J’lic difficulties are numerous, since the air-dry stalks 
contain only G"„ of fibre, uitii S.")",, of ligneous .substances and !)% 
of incrustiiig matter. The fibres are, however, more lustrous lhan 
cotton and easily dyed. , 

iSmce lifin English imjiorter.s of Abaca have constantly bad to 
complain of the occurrence, esjiecially among the lower grades of 
Manila hemp, of a large jirojiortion of weak, brittle, and dis¬ 
coloured iHue. The (rouble was early diagnosed as due to niiero- 
orgnnisms, but attempts to jiroduce tlie etieets on sound bigb-gn»i.le 
hemp did not sucecod. The Department of .\griciillurc and 
Natural Resoun^es of the Govcinment of the Philippine Islands'*^ 
has lately succeedi'd in isolating from damaged fibre a number of 
spccie.s of micro-organisms, mcluding one sterile fungus and four 
species of bacteria. These were severally inoculated on to souijfl 
fibre of grade,s A and ,T, It rvas found that those capable of 
producing the damage on grade ,1 ineluch'd the sterile fungil's, 
A. niger and another AitprrgiUitu .species. Only a trace of damage 
was found on grade A after one month. The eonelusioa i.s reached 
that the causal organisms live mainly on the .starch content of 
the ])ulp present in the coarser grades of lihre. It is believed that 
the damage can be minimised or removed by (a) jiroper drymg 
before depositing in the warehouse, (h) adequate ventilation of 
the warehouse, (c) avoiduig too long sloiugc and, if the market 
permits, stopping the production of grade,s J to M. 


Artificial Silk. 

Although the world's production of artificial silk for 1922 
exceeded 30 million kg, (llulklin, dan Soles cl des Soierks, Lyons), 
yet thisc was insufficient to sujiply the demand. In consequence, 
new works arc being .set uphind constant re.seareh work is doubtless 
in progress, though not very much of it is available in published 
form. The United States output of 10 million kg. in 1922 compares 
with 2J million kg. in 1918. In Germany at the beginning of 1923 
the output had reached as much as OOt) metric tons iicr month. 
According to'the report of the SoekHc de la iSoie do Tubize eon- 
siderable de'velopments are taking place in the manufacture of 
acetate silk, and the National Resources Rureaii of the Depart¬ 
ment of the Interior of Canada has prepared a memorandum 
dealing with the possibility of ostabUsbing the artificial silk 
industry, probably in the form of acetate silk, in that country. 

»(//'/, 10:1:1, 8. 73. 

/)'»//. A'or, I,I)J. Miillmmr, Illi>;), 89, 1S7 ; 1(12:1, (IKJ.i. 
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Ou the U'diiiicnl siile iiuiiK'ri'iis jKitelils aiv in I'udriKX' nilaliiig 
Id inijiroA'omciits in the ))iT>«]iiotion of very fine Oireadu of viscose' 
silk. (Jlanzfiieh'n prolccl (he iiddition of por acid.s and 

their salts to the spinning liath for the eliniination of ininiiteVuhble.s 
of hydrogen suli>hiile fortneil dining the coagulation of tiiK' threads. 
K. lironiiei't'’’ (inds (hat threads of I-() deniers made according to 
his jirevious patent’** lack softness and tend to stick together. 
These defects an* overcome nv adding to the .spinning hath a 
mixture or .solution i)re|iared hy treating a mixture of eelluloso 
and concentrated sulphite waste-lirpiors xvith SO'*,', sul])huric acid. 

Satisfactory viscose threads, tihns, and rihhons ai’c prepared 
liy^V. Kiimpf’*’ hy using ii^ the s|iinning bath a solution in sulphuric 
acid of the condensation ]irochiet obtained by (he treatment of 
xvo^l with ])hcnol.“ 

Improvemimt in the resistance of visco.se silk to the action of 
water has long been desired. H. Delahaye*'* claims to produce a 
•silk ])iactieally uiiaffi'cted by water by jireparing the alkali cellulose 
art) ('., keeping it at this temperature for several days, and then 
at*!')" for .several days to allow of a slight hydrjition ; converting 
into the xanthate at temperatures below 2(t , and finally pre- 
.serviiig the jiroduet for one to three weeks at below l(i‘'. 

'I'he production of a readily .solulile viscose using less caiwtic 
soda and carbon bisulphide titan is generally Anployed, is de- 
serilied hy Teehnoehemia A.-(l. ** who attain this result hy boiling 
the eellulo.se for 0 liours with 0-~>% sulphuric acid before treatment 
with the mercerising soda at 5’ ('. The .xanthate can he ii.sed at 
once or stored at 5“ till needed. 

The Snia iSocieta'*^ finds that tlie organif hy-jiroducts formed in 
the sjtinning bath hav'e a beneficial effect on tlie finished silk, and 
recom 4 iend.s that the e.xliausted liquors lie concentrated, acidified, 
and added to tlie next spinning bath. 

Published develojmieuts in connexion with cellulose acetate 
silk relate chiefly to dyeing and finishiito. 

Y.xhn.s and Pabkics. 

Tenting. 

\ scheme outlined by the Cotton Re.searcl> Co. of Boston, TJ.S.A., 
includes a complete unit of standard mill machinery, coupled 
with lalioratories in xvhieh standard testing and research can be 

“ R.P. 183,718 ; J., 1923, 446.x. 

K.P. 192,214 ; J., 1923, 305a. 

‘*K.P. 166,931 ; J., 1921, 654a. 

”E.P. 184,450; J., 1923, 711a. 

“E.P. 160,482; J., 1921, 344a. 

“E.P. 195,569; J., 1923, 494a. 

“ E.P. 193,926; J., 1923, 493a. 

«E,P, 178,121; J., 1923, 883a. 
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conducted. The question of the mechanical testing of yarns and 
other cotton materials has been considered in a eomprehensive 
rejiort from the British Cotton Industry riesearch Association.** 
The report begins with a very much needed discussion on ter¬ 
minology and the principles on whicli methods are based, and 
goes on to define these in precise physical terms. The interjireta- 
tion of data by tlie aid of slatistical methods is considi'red. A full 
treatment of the various maebine.s from the point of view of their 
working principles is contributed by E. Midglcy, and a summary 
of past work relating to the effect of humidity and tcm])erature 
conditions on the results obtained in testing is furnished by 
A. R. Urquhart. His conclusions are that only a general idea,of 
the effect of humidity' on strength can be obtained from jirevious 
results ; that residts must be treated stati.stically on the ba,sig of 
a very large number of tests. Work on these lines is foreshadowed 
by A. J. Turner.** 

A review of this subject of yarn testing, with spei'ial reference 
to linen yarns, is contributed by d'. Hemmerling,*'’ who deals 
theoretically' with^the questions of statistics and their application, 
the clinging jiowcr, breaking length, etc. A sjiring dynamometer, 
which automatically records the load-extension curve, and a 
simple, machine for the testing of oscillating stress, are dcscibed. 
The papers consiitulc a thoughtful, if not final, account of testing 
principles and should be read. 

Recent ex])eriments with the Jumbo Jlullen Te.stei*’ have 
made it jiossible to express the .strength of materials tested by 
it in terms of an Index Value. This figure is obtained by dix'iding 
the bursting strength of the fabric by the weight of unit area. 
As both warp and weft strengths are included in this single figure, 
it is claimed that the Index Value will prove to be a most useful 
test, especially for ({uality in fabrics of the same construction, 
but made from different grades of cotton. 

A. E.Owen and A. E. Oxley** have continued their studies on the 
phy.sical properties of yams under oscillating stresses. A method 
is d^cribed whereby the regularity of a yarn i.s measured by its 
capacity to withstand an oscillating tension which never approaches 
the breaking strength. Such tensions arc similar to those produced 
m wcaving,,and it is found that a yam which could stand indefi¬ 
nitely a load equal to the maximum of such tensions gives way 
in time to such a series of impulses. The extension of yams 
under these conditions has been recorded and expressed in terms 

«* J. Text . 1 ml ., 1923, 14, 101-2081. 

Ibid., 1923, 45t. 

“ TexlUber., 1923, 4, 5, 63, et seq. 

■" J, Text. Inal., 1923, 14, 329t; Text. WorU, 1923, 64. 117, 

"/Md., 1923,14, 18 t. 
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of accumulated permanent slip of the hairs. The method should 
prove exceedingly useful, since it tends to exaggerate and reveal 
small differences in yams due to faults in the spinning, weaving 
and sizing processes. • 

A. E. Owon®° has, in a later paper, described the behaviour of 
sized yarns under the oscillating stress tester. As would be 
expected, sizing increased the resistance of the yam to repeated 
variation in tension, such as might occur in weaving. It is 
interesting to note that various sizing mixtures examined gave 
almost identical improvement in resistance, and this is explained 
by the assum])tion that in all these mixtures the cementing action 
oithe size on the fibres‘is complete. Sizing entails a reduction in 
the ultimate extension-value, and the author suggests the pos- 
•sihility of a size which, while retaining the cementing action, 
might permit of a greater longitudinal movement of the fibre.s. 

Cellulose. 

Physical and CoUoidal Properties. 

It is by accurately compiled knowledge of the physical state of 
cellulose and its esters in various stages of colloidal dispersion 
that we may ho])e to advance, not only in knowledge of the mole¬ 
cular structure and condition of these derivatives, but also in the 
perfection of their applications in technology. 

A series of studies by E. W. J. Mardles,’" in which a vast amount 
of experimental observation is recorded, point the way to a 
clearer understanding of manj' points in the science and technology 
of cellulose esters. In a research on shitable pure and mixed 
solvents for the acetate, chloroacetate, and nitroacetate, the 
authcr finds that the solubility of an ester or, otherwise regarded, 
the dispersing action of a liquid, depends on the relative specific 
character of the liquid and the ester respectively. If the lower 
members of a homologous series, c.g.^ benzyl and tolyl *hlcohols, 
are good solvents there is invariably a rapid fali in activity as the 
series is ascended, and from this regularity the concluuon is 
drawn that liquids with smaller molecules, and consequently 
larger “ residual affinity,” are the better dispersing media. *For 
example, aniline has solvent properties, but dimcthylaniline is a 
non-solvent. A mixture of liquids by no means possesses a solvent 
power of an average value between the constituents.* Some non¬ 
solvents become solvents when suitably mixed, while in some 
cases solvents become non-solvents. There does not appear to 
be any relation between the solvent power of a liquid and its 
dielectric constant, molecular refractivity, or molecular volume.* 

••Ibid., 1923, 14, 375t. 

••J., 1923, 136t, 209i: Trans. Faraday Soe., 1923, 18; J., 1923, 178a. 
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Tlio aullior finds also that tlio volunio diango accompanying 
the formation of cellulose ester organosols is greatest with the 
best solvents (or optimum mixture in the ease of mixed solvents), 
and that it increases with temperature and with dilution. 

Approaching next the que.stion of gel formation, Mardles'^ 
has examined the viscosity elianges with time (a) during gelation, 
and {h) during gel-to-sol Iransilion ii; the ease of cellulose acetate 
solutions in benzyl alcohol. The falling-S])hcre viscosimeter was 
used, but as gelation proceeded the balls fell irregularly, so that 
only approximate measuremeni s could be made. By producing 
the dscosity-time curves the tem]X'ratu''e at which the rate of 
gelation was zero could be obtained. This niaxitnum gelation 
temperature is one above which the sol would be comparatively 
stable and below Avhich gel formation would begin. This tem¬ 
perature increases rapidly with the concentration. 

Assuming that the scattering of liglit by a colloid mixture is 
intimately connected with the size of the particles present, me..- 
surements were made of the ''I'yndall numlier " of organosols 
and gels of cellulo.se acetate. A sol cooled without agitation 
shows a small increase in the Tyndall number until the maximum 
gelation temperature is attained; thereafter during gelation 
increase is rapidobut it falls off cpiiekly after the formation of a 
definite jelly. The Tyndall number increases rapidly with con¬ 
centration up to a definite eoncentration, notably (i g. of cellulose 
acetate per 100 c.c. of bcnzjl alcohol. A connexion between this 
Tyndall number and the volume change is to be noticed, since 
both are nio.st pronounced at this jiarticular concentration. 

Studies of the elasticity of organogels of cellulose acetate, also 
by Mardles,” showed that this (luality varies cnormousl}’ with 
age, preparation, etc. of the gel, and the measurements obtained 
prove difficult to adapt to any avry definite relationship. 

Thesd results may be • considered us promising indications of 
advance in this field. They go to show that the order of formation 
of a gel is probably, first the aggregation of the dispersed ester- 
colloid into larger units, then the coupling of these units into 
grotps, and finally the linkage of the groups into the gel. 

J. Duclaux” develops a theory of the constitution of reversible 
gels such as, those of cellulose nitrate. According to this the gel 
consists of an insoluble solid resembling the cellules of a sponge 
and of a soluble solid which can be either colloid or crystalloid. 
The former is associated with the solvent as an irreversible gel, 
while the latter is in solution in the solvent. The' mechanical 


H Faraday Soc., loc. cii. 

’“iftjd., April, 1923 ; J., 1923, 619a. 

” Bull. Soc, Chim., 1923, 33, 30; J., 1923. 293a. 
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properties of the ^el are dependent upon the ratio of the insoluble 
to the soluble solid. In a solution of nitrocellulose prepared cold 
the insoluble solid k* present in large proportion, and this is 
evident in the high viscosity and tendency to gelation “Df such 
a solution as compared with one prepared at a higher tem¬ 
perature. 

The viscosity of a speciallv prepared nitrocellulose solution has 
been measured by I. N. Kugelmass’^ between -90° and -|- 30° d. 
He finds that n this and its other physical properties the ethereal 
solution of nitrocellulose resembles an ordinary colloidal solution 
in water. 

il. A. Joyner""’ has continued his studios on the lowering of the 
viscosity of oolluloso by acids, sodium hydroxide, and air. A mass 
of experimental results is given in this interesting paper, but the 
author himself points out the difficulties of their interpretation. 
He finds that the highest viscosity possiWc for a 2% solution of 
* cellulose is 57,000 seconds (or 28,000 abs. units), while by repeated 
kiering of a cellulose with sodium hydroxide a viscosity of 1 second 
fot a 6% solution was obtained, which is regardad as the minimum. 
The hypothesis is put forward that there arc two kinds of cellu¬ 
lose : cellulose A with the higher viscosity and cellulose B with 
the lower. From the measurements with air it was calculated 
that the amount of oxygen necessary to convert cellulose A into 
cellulose B was 16 grams per 2100 grams of cellulose. With h 3 rpo- 
chlorite oxygen the proportions were similar, viz., 16 of oxygen 
to 2500 of cellulose. These results are very important and should 
throw a light on the complex physico-chemical balance of cellulose. 
They must be considered carefully by tile pure chemist, who is 
apt to regard cellulose as a rigid chemical unit. He must help, 
for example, in explaining the remarkable fact that a brief 
exposure of a cuprammonium solution of cellulose to air and light 
produces enormous changes in its viscosity. 

A report on the viscosity of such solutions is issued*by the 
Bcsearch Department, Woolwich,’* in which all necessary pre¬ 
cautions to be taken in purit)ring and sampling the celfulose, 
preparing the solutions, filling and using the viscosimeters ^are 
given. An exact specification for making the cuprammomum 
solution is included. 

A new viscosimeter specially suitable for colloidal, solutions is 
described by P. Secomte du Nofiy,” which does away with the 
capillary tube and yet requires no more than 1 c.c. of fluid. The 
principle is that of co-axial cylinders. 

• 

’* See. Trail. OMm., 1922, 41, 761 ; J., 1923, 246a. 

’• Ohem. Soe. Trans., 1922,121, 2395 j J., 1923, 90a. 

••Seport No. 22 j J., 1923, 970a. 

” J. Oen. Physiol., 1923,5,429. 
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Ckemistry and Gonstitvtion, 

The question important to all workers on the chemistry of 
cellulosp of the preparation of a standard cotton cellulose has been 
investigated by a Committee of the Division of Cellulose Chemistry 
of the American Chemical Society.’* Starting with Wannamqker’s 
Cleveland raw cotton, elaborate instructions are given for boiling 
off and bleaehing. The purity is controlled by selected methods 
of analysis which have been investigated. The cellulose content 
obtained varied between 98-4 and 99-6%, the general standard of 
purity resembhng that of the Madder hlcacli caheo recommended 
by Cross and Be van. » 

A ready method of obtaining cellulose free from lignin &nd 
pentosan is given by C. G. Schwalbe (see p. 153). 

The outstanding contribution of the year in the field of cellulose 
chemistry is the work of J. C. Irvine and E. L. Hirst’* on the 
molecular structure of cotton cellulose. The results now obtained, 
by them enable a formula to be given for the cellulose unit compin’:, 
an achievement which crowns a series of exact investigations 
pursued over a long period of years. The exi)erimcntal work 
described consists in (1) the preparation of the fibrous trimethyl- 
cellulose C 6 H, 02 ( 0 Me)j, and (2) the simultaneous h}’drolysis of 
this substance (o a methylated glucose and condensation of this 
with methyl alcohol by the action of a methyl alcoholic solution 
of hydrogen chloride. 

The second process, theoretically considered, can proceed in 
many ways and might result in the formation of one, fom', twenty 
and even up to forty-ijiine methylated sugars. By a remarkable 
ehance experiment showed that methylated cellulose broke down 
in the simplest of all these ways ; only one sugar, 2.3.6-trimcthyl- 
glucosc, was obtained. 

Before discussing the bearing of these results the three main 
degradjition series initiated by Irvine and his co-workers are sum¬ 
marised as follows* > 


(o) Chem. Soc. Trans., 
'*1922, 121, 1680. 

1 

Triacoty IcoJJul ose. 
Motliylglucoaidc. 
GLUCOSE. 


_CELLULOSE . 

i 

(6) m above. (c) Ghoin. Soc. TroaBM 

1921,119,103. 

TrimofcLylceUuloBO. Cellobiose. 

Trimethyl inethylglucosido. Oetaroethy Icellobiose. 

2.3. e-TElMETHYL- 2.3. e-TRIM^ETHYL- 
GLUCOSE. GLUCOSE. 


• Tho reader will find a bimirnuiy of previous work on the constitution ol ccJlobiosc, trlmeUiyl* 
jzlucose, etc., in " ilcscaicheB <m < ■elhilost*,’' Vol, IV., by C. P, Crosifl .and C. DorCe. (liOngmana, 
(rreen and Co,, itfji:;.) 


W. Eng. Chem., 1923,15, 711 ; J., 1923, 825*. 
C!tm. AW. Trans., 1923, 123, 018; J., 1923, 710a. 
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The simplest cellulose molecule which will satisfy series (o) 
and (6) is a 1.6-anhydjoglucose of the butylene-oxide type (I). 

I-^-1 

( 1 .) CH.CHOH.CHOH.CH.CH.OHjOH 

- O-' 

This stnicture, however, could not yield cellobiosc in accordance 
witli the results of series (.,, and the simplest structure which 
would conform to this requirement would be a di-anhydroglueose 
of the same unit structure. If, however, cellulose were con¬ 
stituted in this way 100 parts would be capable of producing 
]<'5'5 parts of cellobiosc/ 

^Vhilst it is well known that 35 parts is the yield more commonly 
obtained, and making all allowances, the authors consider that a 
grouping which would allow of 50 to 70% of ceUobiose would be 
the safest hyiiothesis in the light of present knowledge. They 
, therefore give a number of tri-anhydroglucose formul® which, 
while satisfying all other conditions, involve a maximum yield of 
cellobiosc of 70%. Of those they express jjrefercncc for the 
followmg:— 

CHjUH 


CH.O.CH-CH.CH(OH).CH(OH).CH 

I 

O I 

(il.) I (,’H.OH O 

I I 

I CH ^1 

(!iH.O—CH.CH(OH). CH(OH).CH.CH.OHjOH 

I I_0_I 

CHjOH 

(Letters Iti block type iudicate poloaUul ictducmg groups.) 

In a further discussion the authors demonstrate the failure of all 
the older formula; in the light of one or other of these results. 

A point in connexiem with formula II. (which permits of cello- 
biose as the only disaccharide obtainable on hydrolysis) is'raised 
by the isolation of a new trisaccharide of dextrose from the prodjicts 
of the aoetolysis of cellulose. G. Bertrand and S. Benoist®® give 
details of the method by which they isolated the nejy sugar, m.p. 
210 °C.,od—-|- 22-8°,to which they have given the name procellose. 
They are also able to show that the so-called iso-cellobiose of Ost 
and Prosiegel “ is a mixture of procellose with cellobiose. 

The formation of co-bromomethylfurfural from ketoses and cellu¬ 
lose, but nof from dextrose and other aldehydic sugars, has hitherto 
been accepted, and on this fact many writers hare postulated 

»»C'ompJea mtd., 1023,176, 1583 ; J., 1923, 84Sa. 

“.r. 1020. A2ri 
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the existence of a ketonic grouping in the cellulose molecule. 
H. Hibbert and H. S. Hill“ now find tha^ dextrose and derived 
sugars can be made to give 3 to 12% of B-bromomethylfurfural, 
and thdt therefore there is no experimental justification for the 
assumption of a ketonic character for cellulose. 

It is true that this may be held to support the constitution 
assigned to cellulose by Irvine, buf. the very simplicity of this 
formula prevents it from explaining some quite defoite reactions 
of cellulose. Thus J. Hiibner and J. N. Sinha®* find that iodoform 
can always be obtained in minute quantities by the action of 
iodine on cellulose followed by dilute alkali, the iodoform being 
produced from some volatile product liberated by the alkali. This 
is one of several other cases in which small quantities of product 
are obtainable from the cellulose complex, and their formation 
certainly requires explanation. 

The constitution and structure of cellulose are considered in , 
another way by K. Hess,®* who concludes that in cuprammonium 
solution cellulose may exist asCeHmOs units. X-ray examination 
of cellulose fibre “and cellulose precipitated from the solution 
shows that the chemical structure is not apparently altered. The 
varying solubility, e.g., in alkali, of cellulose products having the 
same chemical structure, is explained as being due to the degree 
of packing of the units, a loose arrangement permitting of greater 
solubility than a closely packed one in which the more basic groups 
are masked. If cellulose is CjHjjOj, cellobiose must be built up 
from separate cellulose molecules, and on this hypothesis the 
author explains that, op the hydrolysis of cellulose, the yield of 
eeUobiose, owing to alternative reactions, is not more than 33%. 

L. E. Wise®® discusses the relationship of cotton cellulose to the 
cellulose of the woods. He considers that the balance of evidence 
is in favour of a large aggregate for the cellulose complex, the 
aggregate being made up of comparatively small cellulose units: 
each unit again containing tiic anhydro-cellobiose linkage relatively 
few times. On this hypothesis the complex is likened to a brick 
wall, fhe cellulose units being the bricks held together by a mortar 
of secondary valencies. 

The author considers wood cellulose to be a complex of a more 
variable character, the greater number of the units being identical 
with those of the cotton cellulose complex, together with a few 
consisting of carbohydrates adsorbed during cell growth. 

The extent to which the cellobiose linkage occurs in the cellulose 
derived from a number of American woods—red spruce, white 

“ J. Amur. Chem. Soc., 1923, 46, 176 i J,, 1923, 219a. 

J.,. 1923, 2661. 

*® Z. an^. Ohm., 1923,86, 602. 

« Ind. Eng. Ohm., 1923, 16.711 j J.. 1923, 826a. 



nBBBS, TBaCTILEB, CB1J.WL0SE, AND .PAPEB. 


149 


oak, etc.—has been examined by L. E. Wise and W. C. Russell,** 
who investigated the a-celluloses obtained. By very careful 
acetolysis cellobiose ocM.-aoetate was isolated, the yields varying 
from 24 to 33% of the theoretical compared with 33% from cotton 
cellulose. They consider that the cellobiose linking must occur in 
wood cellulose to the extent of 24%, or possibly as much as 50%.. 

A review of those results would seem to .show that the most 
resistant portion of the cellulose of woods is very similar to, if not 
identical with, eotton cellulose, but that the wood cellulose complex 
taken as a whole is different from cotton cellulose in that it contains 
other and less stable groupings. 

The mechanism of the'acetolysis of cellulose by acetyl bromide . 
has been studied by L. Zechmeister,*’ and on the synthetic side 
H. ffibbert and H. S. HiU** have initiated some promising investi¬ 
gations on the condensation reactions of p-bromoacetaldehyde 
whereby hydroxy-derivatives, closely related to the polysacchar- 
' ides and anhydro-sugars, have been prepared. 


Cdlvlose Degradation Products. 

A useful summary of the literatm-e relating to hydrocellulose is 
given by P. H. Clifford.®* E. Heuser and F. Eisenring,** in con¬ 
tinuation of their work on hydrocellulose, have examined the 
action of oxalic acid solutions of 8 to 16% concentration at 100° 
and 180° C. on cellulose from viscose. By such treatments hydro¬ 
cellulose products having a copper number of 10 or more, and com¬ 
pletely soluble in 8% sodium hydroxide are obtained. 

Viscose hydrocellulose, if heated for 30 minutes at 180° with 
oxalic acid, gave nearly 12% of ta-hydrtJxymethylfurfural, while 
viscose cellulose gave 6-7%, and cotton cellulose only 0'8%. 

These and other peculiarities shown by viscose cellulose obviously 
require further work for their elucidation. 

But little work is reported on oxycellulose. E. Knecht and 
J. P. Egan** find that an oxycellulose with, for example, a copper 
number of 15, is produced by hypochlorous acid with about one- 
tenth of the oxygen required when the oxidation is brought ^bout 
by acidified permanganate solution. The development of colour 
noticed by A. E. Everest and A. J. Hall, which is produced whdb a 
highly oxidised cellulose is treated with tetrazotised benzidine solu¬ 
tion, has been further examined by the authors.** The reducing 
property is lost after extraction of the oxycellulose with alkalis. 


“ Ind. Eng. Ghem., 1923, 15, 816 ; J., 1923, 923a. 

« Ber., 1923, 56, 673 ; J., 1923, 347a. 

*• Jf. Amsr. Ghem. Soc., 1923, 45, 734 j J., 1923, 347a 
••J. Text. Inst., 1923, 14, 69t. 

“ CeUuhseehem., 1923, 4, 26 j J., 1923, 649a, 699a. 

” J. Soo. Dyers and Ool, 1923, 89, 67 ; J., 1923, 349* 
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CeUvlosc. Esters and Ethers. ' 

Progress in tho manufacture of these derivatives continues to 
lie rather in improvement in the details of the older processes than 
in the introduction of new ])rineiples. 

H. Plauson,®’ however, prepares pure or mixed cellulose (jsters 
by working with very finely divided cellulosic material in the 
presence of gaseous agents such as the vapours of aeetic or formic 
acids, a gaseous catalyst, such as sulphur dioxide, being employed. 

The Eastman Kodak Co.®'' make a novel claim for the pro¬ 
duction of cellulose ethers in that the reaction between the alfcali- 
eellulosc and the etherifying agent is brought about in the presegee 
of a large surface of " immunised steel.” H, Dreyfus®® is able to 
reduce the quantities of alkali and etherifying agent practically to 
the theoretical value, by reducing the amount of water present, so 
that the ratio water: cellulose is less than 4 :1 and preferably 0 to 
0'.i): 1. This is accomplished by the addition of water-binding. 
agents, such as the oxides of the metals of the alkaline-earths. *■ 

H. Gault and P. Ehrmann®* find that hydroccllulose readily 
yields esters of tho higher fatty acids, c.g., a disteario ester, under 
the action of the acid chloride dissolved in benzene in the presence 
of p 3 nidine at 110“ C. 

The productidn of inorganic esters in fibrous form, giving a 
material resembling w'ool in some of its properties and suitable 
also for the manufactnie of very strong paper, is claimed by 
Burgess, Ijedward and Co. and W. Harrison,®' Cotton, hemp, 
jute, or wood is impregnated with caustic .soda solutions of 12 to 
20% concentration and'squeezed to hold its own weight of liquor. 
The “ mercerised ” material is then treated for 5 to 15 minutes 
with thionyl, phosphoryl or other chloride below 40° C. A lustrous 
finish may be obtained by esterifying under tension. 

E. Knoevcnagcl and K. Konig®* have recorded and discussed 
the coildensation or polymerisation shown by cellulose acetate 
solutions on standing. J. 0. Zdanowich®® claims that such solu¬ 
tions can be stabilised by the addition of small amounts of aqueous 
solutions of aldehydes. Treated in this way the“acetose” solutions 
on‘standing show a constant viscosity and give a stronger film or 
thread. 

Patents for the production of plastics containing cellulose esters 
or ethers continue to appear, the novelty consisting in the addition 

«E.P. 200,160 j J., 192,'), 88.3a. 

'«U.S.P. 1,437,820-1 ; J., 1923, 91a. 

•*E.P. 187,639; J., 1923, 10a. 

“Cotnpten rend., 1923, 177, 124; J., 1923, 826a. 

»’ E.P. 192,173 ; J., 1923, 304a. 

‘‘Celluloaechem., 1922, 3, 113j J,, 1923, 140a, 

‘•E.P. 200,186; J., 1923, 925*. 
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of various compounds which at present appear to bo deterrahied 
by the method of trial and en-or. 

The Eastman Kodafi Co.'*’® for one composition employ phenyl- 
propyl alcohol as a solvent, and in another'®' a lower monohydroxy- 
aliphatic alcohol with the addition, for example, of furfural. 
Films prepared from a .solution of cellulose ether in an aromatic 
alcohol of the type of benzyl alcohol, together with methyl alcohol, 
are found to have increased durability and flexibility, while the 
addition of various nitrogenous compounds such as methylacetanil- 
ide gives greater .stability and heat resistance. 

The addition of eth 5 'lenethiohydrin and its esters was pro- 
tcated by Meister, Lucius* u.Briining'®® for the preparation of very 
pliable films and artificial leathers, and another series of sulphur 
compounds, viz,, the mixed aromatic and aliphatic sulphones of 
the formulaR.SO2.11',«.(/.,the amyl sulphone of benzene, was found 
by Kallo u. Co.'®® to give additional softness and durability. 

Ethylidene-diphenol is recommendedas a substitute for 
camphor in the production of a clear elastic celluloid, and again 
acetonitrile is employed'®'’ as a solvent in t]je manufacture of 
celluloid with camphor or its substitutes. 

An intorcstnig study of nitrocellulose in relation to the manu¬ 
facture of celluloid is contributed by K. Atsuki.'"® The minimum 
percentage of camphor in 95% alcohol, which ^vill bring about 
complete solubility of the ester, is defined as the “camphor number.” 
The value of this for a normal nitrocellulose contahiing 11®% of N 
is 8-10, a higher number being required for nitroceUuloscs con¬ 
taining more, or less, nitrogen than this. The minimum viscosity 
of such solutions is obtiiined with 35% of camphor in the solvent. 
For the manufacture of nitrocellulose the conditions are, first, 
solubility, i.c., maximum dispersion, and secondly, minimum 
viscosity. These conditions arc attained by using a nitrocellulose 
made from a normal cellulose with a camphor number as above, 
together with 80 to 140 parts of solvent, the latter consisting of 
65 parts of 95®% alcohol and 35 parts f!f camphor. 

Wood, Str.w, etc. 

A. C. von Euler'*” offers a useful contribution on the quantitative 
composition of the coniferous woods. She differenti&tes the pure 

'“U.S.P. 1,444.331 ; J., 1923, 305a. 

“‘U.S.P. 1,450,714-6 ; J., 1923, 494a. 

''“'U.S.P. 1.460,690 and 1,460,097; J., 1923, 925a. 

»“»G.P. 866,115-6; J., 1923, 348a. 

G.P. 367,560; J., 1923, 397a. 

'»»Q.P. 368,476; J., 1923, 600a. 

J. CoU. Eng. Tokyo Imp. Univ., 1922,18, 1 ; J., 1923, 263a, 
CtUuhsechem., 1923, 4, 1 ; J., 1923, 346a. 
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wood substance from non-oonstitutional substances, such as fat, 
resin, proteins, and mineral matter. The wo 9 d substance proper she 
defines as(o)cell wall carbohydrates,(6)incrustii^ and interpenetrat¬ 
ing substances, chiefly lignin, (c) soluble tannins, colouring matters 
(usually of the flavone type), both related to lignin. Criticising 
existing methods of analysis, the author gives reasons for regarding 
the “ alcohol-resin ” as a soluble variety of lignin. In spite of 
previous recommendations she considers that insoluble lignin may 
be determined either by means of 40% hydrochloric acid or by 72% 
sulphuric acid, the results in the latter case being about 6-7% higher 
owing to combination of the lignin with SOjH groupings. With 
both methods the acetyl grouping, which'constitutes about 2%«of 
the wood, is removed and the lignin values must be corrected 
accordingly. * 

G. J. Ritter and L. C. Fleck’*® publish analyses of a large number 
of American woods, some not previously examined. On acid 
hydroly.sis, hard woods yield a larger proportion of acetic acid thaj ^ 
softwoods, and contain twice as much pentosan constituent on the 
average. The celluJ/oses isolated from the soft woods retain 38-56% 
of the furfural-yielding groups contained in the wood, while the 
cellulose from the hard woods retains 60-66%. 

A study of the products obtained on the hydrolysis of white 
spruce wood by dilute sulphuric acid under steam pressure, carried 
out by E. C. Sherrard and G. W. Blanco,’*® showed that as much 
as 24% of sugars could be obtained under the working conditions. 
These were identified, and their relative proportions determined, by 
fermentation methods, mannose being the chief constituent (38%), 
followed by dextrose (29%), xylose (13%), galactose (6%), arabinose 
(6%), in order. Wliite spruce on hydrolysis gave dextrose and 
mannose in the ratio 3:1, while cotton cellulose gave only dektrose, 
the pentose sugars being absent. These facts are discussed in 
connexion with the nature of wood cellulose. The addition of 
small quantities of metalliq s.alts, especially mercuric chloride, was 
found by the same authors”* to increase the amomit of fermentable 
sugars obtained in the hydrolysis of spruce wood, while a preliminary 
treatment of the wood with caustic soda diminished the yield and 
chlorination, followed by sodium sulphate solution, inhibited it. 

Contributiqns to the analytical determination of cellulose in 
wood includp R.Sieber’s suggestion’” that chlorine water can be 
employed instead of chlorine, thereby ensmring greater penetration 
of the wood and less risk of attack on the cellulose. The process is 
carried out in an open cylinder, covered at one end by a caBco filter. 

«»J. Ind. Eng. Chem., 1922,14, 1050. 

• ’»• Ind. Eng. Chem., 1923, 16, 611 ; J., 1923, 710a. 

"« md., 1923,15, 63 ; J., 1923, 286a. 

"> ZclUloffu. Papier, 1923,8,27 ; J., 1923, 492a. 
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L. Kaib and V. Scfioeller*^® and also E. Legeler**® describe the use of 
phenol for cellulose determination. Phenol reacts with lignin, torming, 
apparently, a condensation product of a resinous character which 
dissolves in excess of phenol. A small amount of mineral acid is, 
however, essential for a rapid and quantitative conversion. Suitable 
conditions for working arc ; wood 4 parts, phenol 50, hydrochloric 
acid 0-05, heating for 1 hour on the water bath. The results are 
concordant, but lower than tuose given by the chlorination method. 

C. G. Schwelbc^** statesthat up to now there has been no simple 
method of obtaining a (wood) cellulose free from lignin and pentosans. 
He finds, however, that heating with magnesium sulphite solutions 
iii the presence of lime ifi' magnesia effects the complete removal of 
these substances. 

volumetric method for determining the proportions of a-, jS-, 
and y-cellnlose in a cellulosic material is described by M. W. Bray 
and T. M. Andrews.'^^ The authors state that a solution of cellulose 
in 72% sulphuric acid is oxidised by potassium bichromate. The 
"bichromate solution is standardised against 1 gram of pure cellulose, 
the a-precipitate dissolved, and estimated against this standard; 
the p is precipitated and removed, and the y aetermined also with 
bichromate, the quantity of ^ being found by difference. It is 
claimed to be a quicker and more accurate process than the 
gravimetric one, and deserves a trial. • 

Lignin. 

A great deal of attention has been devoted to the chief non- 
cellulosic constituent of woody fibres, lignin or lignone. This sub¬ 
stance can bo obtained (o) by the action of alkalis—a method of 
extraction, (6) by the action of highly concentrated hydrochloric 
acid tWillstiitter), which' hydrolyses the cellulose to soluble products, 
and (c) as a sulphonic acid by the action of bisulphites. In each case, 
however, it suffers more or less change in the process of isolation. 

E. Beckmann, 0. Liesche, and F. Lehmann**® have,made an 
exact study of the first method, examining the lignins from various 
straws and woods. The action of the 1-5% sodium hydroxide was 
examined under conditions of increasing severity as to temj^rature*' 
and pressure. With the straws, the methoxyl content reached its 
highest value in lignins isolated by boiling for 6 hours under a 
reflux: with woods, 6 hours at 90 lb. pressure was needed to give a 
product of maximum methoxyl content. With increasing tempera-;!' 
ture all the products became darker and less readily soluble in' 
selected solvents. On demethylation with hydriodic acid, a straw 

CeUinoeeehem., 1923, 4, 37 j J., 1923, 881a. 

*“ im., 61; J., 1923, 882a. 

*“ G.P. 378,260; J., 1923, 1017a. 

*“/nd. Eng. Ohem., 1923,15, 377 j J., 1923, 845a. 

"‘BiocAem. ZeUt., 1923, 189, 491} 1923, 976a. 
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liguin gave a compound GjuHsBOnl, while pine 'wood lignin gave 
the more complex aubstanco CibjHbjOisI. 

F. Paschke^'finda that straw lignin conclcnses with aniline to 
give a product containing three molecules of aniline to one of lignin, 
and adduces other evidence for the ‘trivalcnt ’ character of lignin, 
pointing to the presence of three carbonyl groupings. ‘The 
aldehydic character of straw lignin is further supported by the fact 
that in dilute alkahne solution it has sf genuine taiming action quite 
unlike that of sulphite liquor. 

C. F. Cross and A. Engelstad'*'*in this connexion claim to prepare 
a lignonc-containing liquor which has a definite tanning action by 
treating waste wood with six times its w'eight of 7% sulphurous aoid 
under pressure, neutralising, and concentrating the hquor in a 
vacuum. « 

The lignin isolated with the aid of highly concentrated hydro¬ 
chloric acid continues to be actively investigated. E. Heuser and 
A. Winsvold”“have examined the products obtained by fusion with ‘ 
potassium hydroxide. Below 240' C. lignic acid is the chief productr 
but at 280" this Ls^largely decomposed into phenolic substances. 
Oxalic acid is shown to be a by-product, since if the heating is carried 
out in an inert atmosphere the amount of it formed falls to zero 
while that of the phenols correspondingly mereases. Proto- 
catechuic acid is the primary phenolic product, the catechol present 
in the melt being derived from it by loss of carbon dioxide. The 
metals, iron, nickel, etc., have an important influence in varying 
these secondary decompositions. 

F. Fischer, H. Schrader, and co-workers in a .series of communi¬ 
cations only recently available,* 2 “ have studied the oxidation of 
lignin and of cellulose with water and dilute alkalis under fairly high 
pressures. From lignin with 40 hours’ treatment mellitic .acid, 
benzenepentacarboxilio acud, and oxalic acid were obtained. Under 
different conditions benzoic, humic, and isophthalic acids were 
isolated.. 

It is known that the ligi'mi isolated by 45% hydrochloric acid 
readily,yields furfural. E. Hagglund^^' shows that a carbohydrate 
is present and identifies it as arabinose, present to the extent of 
abowt 4-5% of the lignin. He regards it as an integral part of the 
lignin complex, from which it can be removed by digestion with 
, cold concentrated acid. The methoxyl content of lignin freed 
from carbohydrate is 15-2%. 

K. Kurschner'2* comes to similar conclusions. Lignin, after 

^ CcMukschfm., 1923, 4, 31 ; 1923, 650a. 

202,010; J., 1923, 971a. • 

CelMoacchem., 1923, 4, 49, 62 ; J., 1923, 492a, 883a. 

«“Gcs. Abhamll. Kennl. Kohk, 1921, 6, 221, 311, 332 ; J., 1923, 140a. 
NaturproduUe, 1923, 24, 35 ; 1923, 970a. 

“JMd., 36; J., 1923, 970a. 
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jiroloiigcd ti'oatmtot with concentrated hydrochloric acid, contains 
no free jrentosaiis. On liydrolysLs, liowcvcr, furfiual slowly 
appears, indicating tlfat a sylaii is part of the complex. Xylose 
was detected both in sulphite cellulose liquors and in lignio acid 
from the soda process. 

Continuing hi« researches on the constitution of pine lignin, 
P. Klason^“ gives the revised formula CjjH,flO, instead of Cl3Hig09 
previously given for the j3-j.gnin isolated as sulphonic acid from 
bisulphite liquors. The a-bgnin he regards as formed by the 
condensation of two molecules of eonifcryl alcohol, two hydrogen 
atoms changing their position, leading to the formula 

CH,-CHir.CHrOH-CH (U’H : CH.CHO 

!! II I 

('(OH),C(OMo) -I'KT O-C(OMo) CH 


A study of the comparath^e distillation in a vacuum of cellulose, 
lignin, and resin-free wood carried out by F. Fischer andH. Tropsch'^* 
proves that lignin gives no /-glucosan. The distillates from wood 
•are more acidic than those from cellulose or lignin. These obser¬ 
vations are claimed to indicate that lignin during preparation 
probably suffers hydrolysis of its acetyl groups*and that there is no 
structural .similarity between cellulose and lignin. 

The whole of this more recent and previous work is admirably 
collated by W. Schra\ith,'^° who develops a con*ititution for lignin 
which, giving as it does full w'cight to all the, various observations 
recorded, should be employed by workers on this subject as a basis 
of criticism and research. Recalling the experiments made by 
Willstiitter and Kalb'^" on th(! exhaustive reduction of lignin by 
means of hydrogen iodide, he demonstrates the great similarity 
between a hydrocarbon CjjHjq isolated by them, and a synthetic 
hydrocarbon prepared by himself of formula I., corresponding to a 
completely saturated hydrogenation product of 9.10-bcnzophenan- 
threne. Schrauth considers that such a structure could arise in the 
plant by the condensation of 3 molecules of .’i-hydrojyraethyl- 
iurfuraldebydo, giving a derivative Cj^HjgOg (corresponding to the 
COMo CH 
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and if it be assumed that the four such groupings in formula II. 
are methylated in the enolic form and the elements of hydro¬ 
chloric acid added at the double linking, we' obtain a substance of 
formula € 45 Hi 30 iiCl identical with one isolated by Fischer and 
Schrader from wood substance and containing 13'3% of mcthoxyl. 
The agreement between such a formula and the compounds 
isolated from the calcium bisulphite liquors by Klason and others 
is also demonstrated. 

Investigations at present in progress lead the present writer to 
give support to such a ring system formula for lignin. He would 
point out a possible'resemblance between lignin and cholesterol and 
phytosterol, which are known to contain several hydrated rings 
and in consequence resist all but the mo.st powerful oxidising and 
reducing ageirts. . 


Wood Pulp. 

Among other possible sources for wood pulp manufacture, tahpot 
palm leaf stalks and elephant grass from Uganda and Nigeria 
have been examined by the Imperial Institute.*” The former is 
not suitable for white paper, but the latter proves very satisfactory. 

Patents have been granted also for the production of cellulose 
suitable for paper making from potato tops,*** reeds,**® banana 
“ trash,”**® straw and maize stalks.*** Sugar cane bagasse and rice- 
straw have been reported upon for the same purpose.*** The 
importance of establishing a pulp and paper industry in Australia 
has led to a comprehensive study of many Australian woods not 
hitherto examined.*** The soda process was employed, and trials 
made on a commercial scale showed that a number of eucalypts in 
particular gave very suitable pulps at an ultimate cost of about 
£10 to £12 per ton. 

Several new processes for the isolation of cellulose are to be noted 
in which chlorine or its oxides are employed. J. F. Clerc**® describes 
the De Vains method wherqby bamboo, straw, etc. is treated with 
chlorine water, the solution, together with the bleaching powder 
subseqftently necessary, being prepared on the spot from chlorine 
madf by the electrolysis of salt. This has now been applied on an 
industrial scale. 

*” Bull. Imp. Inst., 1922, 20, No. 3 ; Chem. and Ind., 1923, 432. 

“V., 1923:646a. 

“• Ibid., 1923, 493a. 

*“ Ibid., 1923, 447a. 

*•* Ibid., 1923, 712a. 

*** H. Knmagawa and K. Shimomura, Z. angew. Chem., 1623, 36, 414; 
J., 1923, 924a. 

*** L. R. Benjamin, Commonwealth of Australia, Inst, of Sd. and Ind,, 
Bull. No. 26, 1923 j J., 1923, 923a. 

Papierfabr., 1923, 21, 201 j J., 1923,fllOA. 
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H. P. Waentig'and J. 0. W. Gierisch“® expose wood chips etc. 
after alkaline preparation, to an atmosphere of chlorine gas under 
a pressure of 6 atmospheres. The cellulose bleaches easily and gives 
solutions of high viscosity. P. Kuttner, E. Sidler, and •others^** 
state that in such chlorinations the gaseous hydrogen chloride 
produced is never in a concentration greater than 10%, which makes 
it useless for technical puiposes. By introducing an oxidising 
agent, such as ozone or hyoi'ogen peroxide, with the chlorine, not 
only is the time of chlorination reduced, but the exit gas wiU 
contain as much as 20% of hydrogen chloride, which can be utilised. 

In connexion with sulphite pulp attention may be directed to an 
important work by R. Ideckrnann," Die Fabrikation des Zellstoffes 
aus Holz SulphitzellstofE,” Eisner, Berlin, 1923.^®’ The book is 
comprehensive and concludes with a description of the design and 
lay-out of a modem factory to produce 25 to 50 tons of pulp a day. 
On the engineering side of pulp production we note the scheme of 
A. Olieri®® for the digestion of fibrous materials, washing, bleaching, 
defining, and delivery to a paper-making machine in one con¬ 
tinuous operation. All the chemicals used p.re recovered and 
regenerated electrolytically. The continuous digestion of fibrous 
materials under pressure is described also by R. Fournier,*®® and an 
economical process for grinding paper pulp by introducing com¬ 
pressed air into the stuff during admission iX> the beater by 
A. E. Ryberg and P. C. Schaanning.**® 

Statistics showing the yields of cellulose and the consumption of 
material and power in the various processes are given by B. P. 
v. Ehrenthal.*** 

The influence of the grinding temperature on the properties of 
mechanical wood pulp has been studied by J. Teicher,*“ who finds 
that as the temperature at which the pulp is ground increases, the 
tenacity of the paper made from it increases also. Maximum 
tenacity was obtained with pulp ground at 57° C., above which 
temperature a decided fall in tenacity took place. • 

Anal 3 rtical methods for the control *of sulphate and soda pulp' 
mill processes are described by R. Sieber,**® while the chemigtry (rf 
the soda process for the production of pulp from aspen, loblolly 
pine, and jack pine has been carefully examined by S. D. Wells,. 
R. H. Grabow, J. A. Staidl, and M. W. Bray.*®* Their maximum 
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working pressure of 100 lb. is reached in 1 hour. After 2 houi's 
90% of the cooking has taken place, and f|;om 16 to 30% of the 
cellulose originally present has been lost. Pentosans, in the case of 
aspen, decrease in amount during the first two hours, but then 
remain constant, indicating the presence of a resistant pentosan 
groupmg in aspen w'oocl. With the pine wood pulps beating tests 
show that drastic cooking with excess of soda leads to a high 
bursting stram and tensile strength. Long cooking with the smallest 
possible proportions of soda develops tearing and folding qualities. 
By the addition to the boil of 2 lb. of sulphur (to 100 lb. of wood)**^ 
the digestion is more rapid, the loss of cellulose is reduced, and the 
pulp is easier to disintegrate and bleaches with one-half the esn- 
sumption of bleaching powder. Paper made from the sulphur- 
soda pulps gives greatly improved strength tests and tearing fcnd 
folding values. 

Another contribution to the chemistry of this process is furnished 
by S. S. Aiyar,^*® who has measured the distribution of methoxy,' 
duruig cooking for various periods. He concludes that all the 
methoxyl is associated with lignin and that, with his conditions, 
cooking for longer than two hours is unnecessary from the point of 
view of the removal of non-ccllulosic material. 

In the case of gulpliite pulp the factors affectuig the (jiuality and 
yield of pulp are discussed by B. Jolmsen and H. N. Lee,'^’ who 
point out that dense wood increases the capacity of the digester, 
allowmg of longer cookmg and lower temperature with an increased 
yield. Decay lowers the density of wood with dimhiished pro¬ 
duction. While most fuijgi causing decay diminish the cellulose, the 
fungus Trmteiespni increases the cellulose content 15 %, diminish¬ 
ing the lignin by 30%. E.P.Cameron'^^®points out the important 
influence of pressure on the strength of test sheets prepared for 
testing pulp for strength, and states that this factor should always 
be speeijied. 

In the matter of bleaching, some careful work by C. G. Schwalbe 
and H. WenzD**® on the bleaching of sulphite pulp may be noted. 
The ash of the bleached pulp was very much lower when the pulp 
had been drained and washed in the centrifuge, than it was with 
pulp drauied without centrifugal action. A great advantage in 
time, quality^ and yield was obtained by bleaching at 30°-35° C., 
preferably with free circulation of air. It was found that during 
bleaching there is a continuous formation of carbon dioxide, which, 
if not removed by heating and agitation (aeration), combines •with 
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the oalcium hydroxide present, forming bicarbonate. This substance 
acts as a “ buffer ” ai^ gradually stops the bleaching action.' 

E. Heusor and W. Niethammer^^*' find that by treating sulphite 
pulp first with chlorine water, then with dilute alkali, afid toaUy 
with ordmary bleach liquor, the total amount of chlorine required is 
only one-half of that requiied with the ordhiary bleaching powder 
bleach. 

Waste Liquors. 

The important problem of the concentration of waste hquors is 
ftilly considered by K. L. Thimhohn,’^' who describes the working 
oUthe heat-pump Ey.stcift.'®^ The evaporation takes place in thin 
annular layers, so that the vapour pressure of the liquid at the 
evaporatmg surface is practically the .same as that at the heating 
surface. The whole de.sign is based upon working at the smallest 
possible temperature ditl'erence, so that the tomj)erature mcrease 
imparted by the compression pump to the vapoui’S may be kept 
^own to a mhiimum. 

By treatment of concentrated sulphite cellulose lyes with chlorine 
gas A. Schmidt*^ obtains compounds containmg 20-30% of chlorine 
suitable for tanning materials or resin substitutes. M. Melamid,^®^ 
by a process of hydrogenation, converts a liquid resin, “ talloel,” 
produced in the sulphate process, into a substitute for fatty acid 
oleins for the treatment of textiles. 

A large number of oommunicatioiLS deal with the analysis of 
waste liquors. Thus H. yieber*'^® gives a very full and practical 
account of the analytical methods needed for the control of sulphate 
and soda pulp mills, which should be read by those interested, and 
also a method for the determination of bases m sidphito liquors 
preprfled from dolomite.^^® A. Sauder^'’’ notes that calcium 
sulphate is very much more soluble in sulphite lyes than in water, 
some samples of lye containmg as much as 4 grams per litre; he 
gives a method for its determination, Eor the determination of 
sugar in sulphite liquors M. Klcinstuck recommends the use of 
an alkaline mercuric cyanide solution as simple and convenlfent. 

An increased production of alcohol by the fermentation oi sul¬ 
phite cellulose waste lyes is claimed by C. Jacoby,^®® if absorbent 
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substances, such as kaolin, humin, etc., be added to the lyes before 
neutralisation and filtration. E. Hagglund^®’ has also studied the 
production of alcohol from these liquors. He finds that during 
fermentation a hydrogen-ion concentration of pa 4'0-4-5 is main¬ 
tained and this is irrespective of the initial hydrogen-ion concen¬ 
tration of the liquid. The optimum for alcohol production is 
Pb 5-0-6'0, the yield of alcohol varying from 0-5 to 0-8 gram per 
100 c.c. As is well known, this alcohol contains acetaldehyde, and 
Hagglund states that the amount of this depends upon the hydrogen- 
ion concentration before fermentation begins, the quantity formed 
increasing up to a certain point as this initial concentration increases. 
A. W. Owe'®i notes that a sulphite spirit gave on fractionation a 
product b.p. 101 '’- 102 °, which consisted almost entirely of acetal. 


Papik. 

The problems associated with sizing have been exhaustively 
dealt with by W. Ostwald and R. Lorenz who from sodium 
resinate obtain a 7 -pinic acid m.p. 76° C. Dehydration of this 
leads ultimately to'an abietic acid m.p. 161°, so that there exists a 
series of acids varying in hydration between these two well-defined 
substances. Possible sizing media are comprised between neutral 
sodium abietate,and the colloidal hydrosol of abietic acid. The 
latter shows the properties of a suspensoid, and commercial size 
“ emulsions ” are shown to be really suspensions of abietic acid in 
its moleonlarly dispersed sodium salt. Both colloidal abietic acid 
and paper pulp are shown to be negatively charged, so that a 
permanently sized paper cannot be made by precipitating the size 
with acids alone. Permanency is secured when the condition is 
isoelectric, i.e., when the positive charge of the aluminium hydroxide 
present is equal to the negative charges of the abietic acid and the 
pulp. In the hollander the sulphuric acid hberated from the 
aluminipm sulphate balances the peptismg influence of the sodium 
hydroxide from the sodium»resinate. Very interesting observations 
on the flocculating effect of electrolytes on abietic acid and the 
influence of various additions, such as casein, are described in these 
intaresting communications, which are an excellent example of the 
application of refined scientific technique to a commercial problem 
of high importance. 

N. D. Ivnnoffi® has also studied the hydrolysis of rosin size 
emulsions. His results show that the more dilute the size emulsion 
the more complete is the hydrolysis of the sodium resinate. An 
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emulsion ooiilaiiAig nonnally 40% of free rosin at a dilution of 
1 part in 2000 (approximately the dilution in the beater) was so 
altered by hydrolysis*that 95-5% of the rosin existed in the free 
state, although in the presence of cxeoss of sodium hydroxide. 

On the technical side we note claims for the application of montan 
wax»emulsion3 as giving a imiform sizing,and the use of neutral 
or basic aluminium chloride as an efficient and cheap substitute for 
the sulphate in resin sizing.’"- 

"'‘H. T. Buhmo, A.-O. Ciioin. Fubi'., (J.P. lW4,00i); J., 192.'!, -IHa. 
Oliom. Faiir. (Jrifshoim-Floktron, G.P. 19211, 447 
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BLEACH! NO, DYEING, BRINTING. AND 
FINISHING. 

By M. Foet, M.Sc., F.I.C., 

Ilnvlhiglmverfield Blcac.hporks, Perth, 

The induatrios roprosented by this section, in common with many 
others, have suffered from financial stringency and bad trade 
during the past year, and this condition of things is naturi.lly 
unfavourable to the rapid development of inventions and improve¬ 
ments entailing large outlay. 

Its many sub-divisions, and intense spceialisation along narrow 
lines, coupled with large output, are the chief characteristics of the 
British textile industry, in marked contrast with those of roost 
countries. These characteristics lend themselves to the intro¬ 
duction of secret improvements which may evade any mention in 
technical literature for a long time ; most of them, perhaps, are not 
of a very high ordPer of invention, considered as ideas, but in practice, 
when coupled with largo productive capacity, they are capable of 
pelding in the aggregate a considerable advance, due to a steady 
increase in the standard of technical performance, already high, and 
thus becoming almost imperceptibly higher as time passes. The 
powerful combinations connected with those industries are by no 
means favourable to publicity as regards their technical methods, 
and, generally, among trusts, firms, and individuals, specialised 
technical knowledge and technical skill are more strictly guarded 
and jealously conserved than is commonly assumed. 

With*the advent of the Research Associations, and a greater 
tendency to regard chemists as desirable, if not yet entirely 
necessary items of equipment, there is a greater likelihood that 
patent and technical literature will become more scientific, repre¬ 
sentative, and reliable as a record of progress. It is important to 
remember, however, that a long time must yet elapse before any- 
• thing like th*e standards of judgment applicable to work in the 
domain of pure chemistry, or even’in industries which depend on 
known chemical reactions and deal with well-defined products, can 
be adopted for use in this field, where limitations to the application 
of scientific knowledge and method abound, owing to the very 
incomplete knowledge we possess of the principal materials, and 
the arbitrary standards of taste and requirement for which these 
industries cater. The technical impratance of ne;w work in this 
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field, as in others, depends in the last analysis on the production of 
wealth, and chemistry is only a part, and often too small a part, of 
the equipment. It if? almost impossible to convey to the pure 
chemist a due appreciation of the work which is usually aacounted 
greatest in this field. One has only to think in this connexion of 
the technical significance of Lowe's stretching of cotton while under 
the well-known influonee of caustic .soda, or Schreiner’s particular 
modification in the use of , n engraved calender. As scientific 
inventions, neither can bo rated high; as technical inventions, both 
were revolutionary. The real skill and intellectual effort of the 
inventor are demanded for improvising the new technique for 
rendering his ideas assiin.iable by one of Ibese indu.5trie.s. “ Who- 
ever invented the spinning, Arkwright certainly had the merit of 
performing the most difficult part, which was the making it useful ” 
(James Watt, in a recently published letter) 

Most textile chemists are familiar with the apparent lack of 
, novelty in many patents and also much that appears as claiming 
originality in the technical literature. In many cases these claims 
to notice arc made in ignorance of what is known elsewhere. In 
certain other cases they may represent an attempt to obtain some 
measure of protection or priority claim for a real achievement, 
such as the “ making useful ” of some known but hitherto 
impracticable idea. A satisfactory patent involving improvements 
in textile-chemical processes is usually difficult to draft, and in some 
branches, e.g., mercerising, incurs often so many disclaimers as 
to make it almost impas.sible to obtain protection for what may be, 
in fact, a new and practical process. 

First-rank discoveries and “ key-patent” inventions are of rare 
occurrence in the industries covered by this report, the promoting 
causes^ of what visible changes there are being usually not far to 
seek. If the bona-fide first-rank originator is not conspicuous in the 
ordinary year's report, there are, however, important places in 
these industries both for the research chemist’s patient inveiigations 
and the technical chemist’s skiU in ovefcoming obstinate economic 
and technical difficulties in the way of “ making useful ” a great 
many conceptions which previously have failed to justify their 
adoption in practice. Literary distinction and academic honeurs 
fall most often to the successful research chemist in this, as in other 
fields. The triumphs of the technical chemist mere often are 
reflected in balance sheets, by ihe state of wbieh most of his work 
must bo governed. The writer cannot hope in this report to 
conceal altogether a technical chemist’s bias of the kind exhibited 
in the above quotation from James Watt, who laid the foundation 
of modem bleaching methods in this country, by “ making useful ” 
some well-known properties of chlorine. 

‘ Okugow Herald, Oct. 19th, 1923. 
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SOOURINO AND BtEACmNfl. < 

111 coniitixiiin with this tirancli of tcxtiku'.'honiistrj', it should bo 
noted that T. H. Clifford and R. G. Fargher^ have investigated the 
volatile 'products from American cotton treated with w'ater and 
also with V'/o caustic soda at 40 lb. pressure. In both cases acetone 
was a principal ingredient in the distillate, and in the latter case 
methyl alcohol also, from which it is .suggested that pectin is present 
in cotton. 

In a noteworthy paper,’ R. G. Fargher and M. E. Probert describe 
a study of the constituents of a benzol extract of American cotton. 
The wwk is of great interest in respect of the variety and character 
of the many constituents identified in the wax obtained, includihg 
a new alcohol, gossypyl alcohol, as the principal eonstitutent. The 
value of the work, however, appears to have been dcprecidccd 
unnecessarily by the use. of an extraction apparatus into which live 
steam was blown during extraction. The writer has worked solvent ^ 
extraction on a large scale for several years, ns an adjunct to the 
bleaching and finishing of cotton and linen cloth, and may say 
that this extraction method could not give anything like a full 
yield of extracted wax, and the authors’ figures .showing only 
8 lb. of wax from two tons of cotton confirm this view. While the 
value of the research must have been greater if the whole of the 
wax available had been extracted and used for the investigation, 
the extent of saponification and chemical change also caused by the 
presence of live steam is unknown, but must have been considerable. 
Further evidence that mcchaiucal and chemical disintegration of 
cotton result in increased yields of extract with organic solvents is 
provided by E. Knecht and B. H. Streat.^ 

The writer has contributed a further paper’ on the only large- 
scale introduction of solvent extraction in connexion with the bleach¬ 
ing and finishing of cotton and linen cloth which has yet achieved 
continuous working and economic justification. The paper w'as 
written under obvious restraints, and the writer has no means of 
knowing whether its contents are w'orth more than mere mention 
here. • 

With the exception of the work of P. H. Clifford and R. G. 
Fargher, mentioned already,’ there is little connected with ordinary 
boihng to report. The limits of treatment on the lines of increasing 
pressure and'temperature have long ago been reached, without an 
understanding of what actually takes place to produce the improve¬ 
ments thus gained having been obtained. In the paper’ referred 

to, the writer claimed that the presence of nndecomposed nitro- 

• 
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genous matter in kior liquors, throughout the boil, indicates that 
priority in importance should bo assigned to the dissolving action 
of the alkaline liquors during the boil, over their decomposition of 
the nitrogenous matter witli elimination of nitrogen, although the 
kier^boil acts in both ways. Tho writer finds it possible, along 
other linos than those of orthodox scouring, to obtain complete 
removal of iiiliogeu wfihout ny boilmg of either Imen or cotton. 
A system of laundering has been jn-otected in which most of the 
soap ordinarily \ised is replaced by a soluble phosphate.® If 
laundries can bo induced to adopt such mild methods, at a greater 
cost, the work of the bli'.wher's chemist in investigating cases of 
damages which sometimes appear in goods after a period of use, 
wiU be greatly reduced. Similar reasons exist for interest in the 
recent controversy among German textile chemists, produced by 
P. Heermann's advocacy’-® of a more extensive use by laundries of 
limited bleaching treatments, with hypochlorites or ozone, in place 
■ef the much-favoured hot alkaline soap-bath, containing “ per- 
eoinpouuds ” to promote oxidation, which is stated to bo twice as 
destructive in ))ractico as Heermaim's bledching treatments. 
W. Kind® and others*® have upheld the use of “ j)er-salts ” and 
criticised Heermaim's conclusions. The w'riter has had ample 
evidence of the dtistruction of cotton and linen injaundries by the 
hot alkaline “per-salt ’ treatment, and may iastance oases in which 
linen has decreased 40% in weight under this treatment, during a 
period of use which should not have caused a third of this loss. 
Copper figures camiot reflect adequately tho progress of this kind of 
damage, as tho products of oxidation are dissolved in the hot 
alkali as they are formed and attenuation of the fabric proceeds 
steadily with no very obvious signs of injury, except decrease in 
weight and strength. On the other hand, tho introduction of 
stronger bleaching agents into laundry practice would lead to still 
greater abuse of fabrics, as the skill for their pro|X)r use i^ wholly 
lacking at present. Heormami's statament that linen is more 
susceptible to deterioration than cotton is absurd as regards 
rational usage. One reason for tho greater durability of Ihfen is 
that dirt is far less persistently retained against washing thaij, in 
tho case of cotton, and a more limited mechanical treatment, 
therefore, suffices to cleanse it. , 

Qualitative tests for distinguishing the j-er-reagefits used in 
ivashing jmwders are given by A. Hlankart.'* A filtration 
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method, providing a “carbon number,” for use in estimating the 
detergent power of soaps, is described by*J. W. McBain, R. S. 
Harborne, and A. M. King,“ and F. E. Hartman has given inter¬ 
esting information about industrial ozone generators.'* 

As regards bleaching projier, an unusually detailed and accvrato 
account of the methods mainly in use for bleaching yarns of flax 
and other bast fibres, is given by E. Clayton.'^ An important 
consideration hi this class of work is the loss of weight which accom¬ 
panies the production of a particular standard of bleach. Linen 
ordinarily loses about 2,5-30% of its weight in bleaching to a full 
white, and this represents tlie wastage vnavoidable in obtaining 
what is practically pure cellulose. Much has been written on the 
very real dangers of attempting to conserve the weight during bleach¬ 
ing by retaining a proportion of non-cellulose impurities. Textile 
chemists have been unanimous in regarding practically pure cellulose 
as the ultimate aim m bleaching cotton or linen white, to attain the , 
valuable qualities reflected by a Ioav copper figure, absence of 
nitrogen, low alkali solubility and ash content, and absence of wax, 
lignin, and traces of retained chemicals. During the year, however, 
a considerable departure from standard practice has led to the 
production of a type of bleached linen of good quality by the above 
tests, yet weighing 15% more than is usually the case. 

From close association with the new jnoduct the writer can state 
that this extra weight is conserved from the original linen by 
selective removal of the non-celiulose constituents of linen, but the 
bleached product is of the highest class m respect of durability in 
use and low nitrogen, wax, lignin, and ash contents. The copper 
value and solubility in hot washing soda arc low, but on treatment 
with boiling caustic alkalis a heavier loss in weight occurs .with¬ 
out undue discoloration or wastage of cellulose. While no descrip¬ 
tion of the method by which this result is obtained has been 
given, it«may be said that the time was ripe for a departure from 
stereotyped bleaching methtids, and during recent years signs have 
not be^en lacking of a desire to get away from the obsession that 
increased severity in kicr-boiling was the foundation of progress in 
bleasAing. Solvent extraction, from being a vague possibility, has 
become, in one works at any rate, a part of the bleacher’s equipment 
for dealing perfectly, when desired, with unsaponifiable waxes, 
which no permissible kicr-boiling could wholly remove. The use of 
pancreatic enzymes for elimination of nitrogenous matter and fats 
has been patented by 0. Rohm,** while de-sizing with malt and 
other diastatic preparations has long been incorporated into common 

“ J., 1923, 373t. See also J. W. McBain, 0/iem. and Ind., 1923, 615. 
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practice. Continental bleachers have experimented considerably 
■with bleaches short of full white, in which a considerable proportion 
of non-cellulose matter has been retained, and a succession of 
patents from abroad testifies to their continued interest in this 
matter. Their products, however, are usually characterised by 
inability to roach the standard claimed, or to withstand a careful 
comparison by moans c' the 'osts named, and in storage and use, 
alongside a pure cellulose product. Recent patents showing a 
tendency to avoid undue loss in weight in bleaching include those 
of C. Bochtor,*® who claims to bleach linen, without the usual kier- 
boiling with alkalis, by bo-ling under pressure wdth dilute bisulphite 
sohitions, followed by oxidation treatment of the usual type. 
Later, he has proposed to add volatile bases to the bisulphite 
solfitions,®’ and in another patent, to shorten the bleaching process 
for cotton by the use of 0-05-0-1% of sodium hydrosulphito added 
to caustic lye in kier-boiling.®“ 

^ The perennial controversy on the inner mechanism of bleaching 
by means of hypochlorite baths, which bids fair to rival the theory, 
of dyeing and the theory of the relation botwetn constitution and 
colour, a.s a field in which perpetual warfare reigns and no complete 
victory is ever secured, has not resulted in much published work 
this year. 

Bleaching, like dyeing, involves the interaction of known reagents 
with fibre-constituents about some of which very little positive 
information has been gained. Some experiments by which S. R. 
Trotman*® claimed to demonstrate the superior properties of 
hypochlorous acid over bleaching powder solutions, modified in 
various ways, when applied to cotton, have been criticised by 
R. L. Taylor.®* Taylor maintains that the “ hypochlorous acid ” 
of Tr(Jtman contained a hypochlorite as well, hence the superior 
whites. Without endorsing all Taylor’s views, the writer regards 
his work as of great importance. Although handicapped by his 
position of isolation from industrial practice, Taylor has iJeen first 
to recognise certain distinctions in the behaviour of the different 
colouring-matter of fibres, and the great importance of undecom¬ 
posed hypochlorite in stimulated bleaching-solutions—both matters 
of considerable practical importance. * 

A new patent,®* however, claims that the use of an excess of 
mineral acid for stimulating hypochlorite bleaching-solutions is 
justified, as it is found that the liberated hypochlorous acid bleaches 
faster than it decomposes to waste, so that an actual economy can 
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be gained by over-acidification. The use of liquid chlorine has 
extended in the paper trade, where consumption is large, but 
bleachers of textiles have not yot shown much eagerness to adopt 
this artfclo for use. The greater coiivenieiico offered by liquid 
chlorine is largely offset by the co.st and greater risks attached to 
its use, and the nece.ssity for some outlay before adoptm'g it. 
Several new patents bearing upon its use are as follows: one for 
production of bleaching liquor from *milk of lime,“ a chlorinating 
apparatus'*® of notervorthy construction, a jiroposal to effect 
chlorination of alkalis while passing through a centrifugal pump,®* 
and a closed chamber apparatus with wagon containers in which 
fibres can be treateil with a gas under pressure.®'* * 

E. Kneeht and J.P. Egan®'* have contributed data relating to the 
loss in strength, cop))cr number, and oxygen consumption of cotVon 
treated with solutions of hypochlorous acid, bleaching powder, and 
permanganate. When originally proposed as an index figure for 
bleached cellulose fibres by Schwalbe, it seemed as though the, 
copper value would prove to bo of the greatest use, especially to 
the bleacher’s chemist. It is now becoming apparent that whUo 
the copper figure, when high, may give positive evidence of great 
value, its value as negative evidence when low is much less, unless 
it be coupled with full knowledge of how far the products of 
oxidation of cellulose, which a copper figure should represent, 
have suffered removal by the action of alkali, which may bo 
effective enough even in a solution of bleaching powder to affect 
the copper figure adversely. The writer long ago imposed severe 
limitations upon his own use of, and deductions from, copper 
values, which are most simply “ present state of oxidation ” values, 
and any fuller extension of significance requires a great deal more 
care than is commonly given before it can bo accepted.* The 
Methylene Blue test for over-blcachmg may fail also owing to 
intervening alkaline action having removed the oxidised matter. 
The fault of such wrong interpretations lies of course more with the 
individual than with the test; but what iswTong when one may 
search* the literature without gaining any very clear ideas as to 
what disthiction can be made between the behaviour of hy- 
dratJid cellulose, hydrocellulose” and “ oxyceUulose ” towards 
Methylene Blue ? 

C. Birtwell,* D. A. Clibbens, and B. P. Ridge ®® now state also 
that the extent of absorption of Methylene Blue by cotton depends 
on the fibre’s origin, and the content and alkalinity of its ash. Hence 

“Chem. Fubr. Grioslieim-Eloktron, G.F. 368,801 ; J., 1923. 397a. 

“ ,7. W. Van Meter, E.P. 201,214 ; J., 1923, 920a. 

“ J., T., ond J. Brandwood, E.P. 196,708; J., J923, OOlA. 

D. and G. McIntosh, E.P. 200,122 ; J., 1923, 826a. 

®*.7. Soe. Dyers and Col., 1923, 39, 07 ; J., 1923, 349a. 
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the scouring treatment given in bleaching affects the absorption of 
this dye, whilo residuQg of protein, pectio matter, soap, and oleine 
mcrease absorption. There is great need of better tests, and an 
important discovery by A. K. Everest and A. J. HalP^'appears 
likely to lead to a more u.scful means of distinction tlian has hitherto 
been* availa))le for " oxyceluilose,” which, it appears, develops a 
strong coloration rvher. tn •' ‘d with tetrazotised benzidine in 
presence of alkali, whilo " liydrocellulose ’ reacts very little, and 
normal cellulose and mercerised eeilulose not at all. No doubt 
variations in the amount of alkali, and other conditions, such as 
impurities in the tibres, will affect the results, but there seems no 
re,4ion why this test should not be improved to give at least approxi¬ 
mately (piantitatire ro.sults, and })erhaps something much better 
thafr anything we have now could be evolved out of it, to the great 
benefit of all who deal with cellulo.se fibres. 

Peroxide bleaching is more extensively used in laundering, and 
ior bleaching of wool, than in com])ctition with hypochlorites, but 
it has uses in many connexions, and an interesting description of 
suitable methods and apparatus is given In' I. li. tt'eber.^® It has 
been jratented to use nickel, where metal is requued in the con¬ 
struction of ajrparatus for peroxide bleaching,^" and to bleach wool 
by means of peroxides by immersion, squeezing aijd letting lie, and 
stovmg without washing.^* 

There is no important new feature to record m connexion 
with t he scourhig and bleaching of wool or silk. 

S. H. Higgins has contributed a series of histoi'icul papers iTlating 
to the develojmunt of bleaching,and J. E. Corrigan a paper^^ in 
the same category, to which there are few* contributors. 

• MERt'MUS.moM AND AlLIEI) PROCESSES. 

A useful review of the literature relating to this subject has 
been made by H. A. Clibijens,^'' one leJating to lustrmg in general 
by A. Adderley®'' and another dealing ivith the swelling oil cotton 
cellulose by G. E. Collins,’® all these being part of the work of the 
British Cotton Industry Ilesearch Association. A lectule by 
C. Tagliani’’ also covers a good deal of the same ground. 

.7. Sue. Dycr« and Cut, 1923, 39, 47 ; J., 1923, 219a. 

=” Ibid., 1923, 39, 209 ; J., 1923. 82eA. 

” lleutsche OolcI u. Silbor.achoidoanstalt imd A. ffcluddbauf. E.V. 188,811; 
./., 1923, 52 a. 

D. and Cl. McIntosh, E.r. 19«,003 ; ,1., 1923, 540 a. 

‘‘‘J. Text, hwt., 1923, 14, 209, 277, 319, and 44 It ; also C'/nm. and //at, 
1923. 1020. , 

“ J. Sue. Dyers and Cul., 1923, 39, 277. 

■■‘J. Text. Inst., 1923, 14, 217t. 

Ibid., 249t. 

Ibid., 264t. 

J. Soc. Dyers mid Col., 1923, 39, 340. 
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Of new work, that of C. P. Nodder and R. W. Kinkead,^® dealing 
with the mercerisation of flax and other bast fibres, is a noteworthy 
contribution from the Flax Industry Research Association. The 
literature has hitherto proved inadequate to explain satisfactorily 
the almost complete failure to apply mercerisation to luien in 
practice, and in view of this failure the writer announced®® some 
time ago that he w'as working a process of mercerisation on linen 
damasks with complete success, the same process being still in 
regular use for producing a high lustre of permanent character. 
The conclusion reached by Nodder and Kinkead is that while it is 
possible to obtain flax fibres with a high lustre by mercerisation, the 
production of a Imen fabric of high lustre is rendered difficult‘on 
account of the impossibility of avoiding the production of spiral 
ridges (they reject Huebner and Pope's theory of lustre) and 'the 
difficulty of preserving sufficient parallelism of the fibre. The 
writer agrees in the main with this statement of the difficulties, but , 
they have in fact been largely overcome in the process referred to»- 
The extra cost of mercerisation of linen is amply justified by the 
lustrous effect enduring throughout long wear, but in the present 
depressed state of the linen trade any extra cost is liable to create 
dismay. 

A good deal of^work during the last year or two has been devoted 
to ascertaining more minutely the changes involved by merceri¬ 
sation of cotton, and determining the most favourable conditions. 
H. F. Coward and L. Spencer*® have studied the ability of cotton to . 
retain caustic soda solutions against centrifugmg and shown more 
of the stronger solutions to be retained, mainly within the fibre. 
The same authors** have observed that the greater absorption of 
lye by loose cotton than by fabrics is due to mechanical resistance to 
swelling in the latter case. No evidence of a definite comi)ound 
was considered to be gained in spite of the greater ratio of caustic 
soda to water in the absorbed portion of lye, and the marked 
hysteresis in shrinkage during washing. G. E. Collins and A. M. 
Williams*® have studied the bchavioiu’ of cotton hairs in caustic 
soda solutions, and H. K. Corser and A. J. Turner have contributed 
the first instalment of a detailed study of the influence of the degree 
of twist in yams upon the results of yarn mercerisation, and fabrics 
made from these yams.*® Among other provisional conclusions 
reached, it is stated that increased frictional resistance between the 
fibres probatly explains any increase of strength shown after 
mercerising. 

“» J. Text. Inst., 192.3, li, 133t ; J., 1923, 760a. 

M. Fort, J. Soc. Dyers and Col., 1921, 87, 161 ; J., 1921,*407a. 

*“ J. Text. Inst., 1923,14, 28t ; J., 1923, 221a. 

" IIM., 1923, 14, 32t ; J., 1923, 221a. 

*"lUd., 1923, 14, 2871; J., 1923, 1066a. 

1923,14, 332t; J., 1923, 1173a. 
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With regard to mercerising plant there is little new to report. 
W. Mosorop** has modified his apparatus for recovery of lye from 
fabrics, so that they now traverse a zig-zag path, subjected to 
alternate steam-jets and water-spirts. Commercial mercerising 
depends very largely for its profits on recovery of lye, for rc-use 
after eoncentrating, or for use in boiling, or other ways. The 
method by which H. Grcshcii,' eliminates the use of a stenter in 
mercerising, is on this account of no practical value. The use of 
alcohol as a penetrating agent for use in coimcxion with mercerising 
has long been known. A new patent,*® however, claims the 
addition of alcohol to mercerising, dye and other liquors, applied 
to tiotton, to increase penetration, while another*’ ap])lics the slot 
principle to impregnation with lye, and in another** the strength 
of mercerising lye is reduced to one-third, with the addition of 
glycerin and sodium chloride. 

1 Great activity has been shown in the last few years in patenting 
processes allied to mcrcerisation, by which it is claimed that some 
special effect like wool, glass, linen, .silk and so on, is produced on 
cotton. All known reagents for obtaining hydration of cellulose 
have been or are being tried to secure some new effect. The 
well know'n parchmentising action, with production of amyloid, of 
sulphuric acid on cotton, has been studied with,* specially close 
attention to detail, and the Swiss firm of Heberlein and Co., which 
led a revival of interest in this type of specialised treatment, has 
■obtained further patents this year. Several years ago the writer 
experimented with acid treatments of cotton, from the point of 
view of increased lustre, linen-like effects qf a permanent character, 
and superior finishing properties as regards beetling and other 
mechanical treatments. Much more effective removal of projecting 
hairs is obtainable than singeing can give, and a “ lisle thread ” 
finish can easily be developed. Chintz-Uke and stiff translucent 
finishes, with good closing of interstices and semi-pcrmanence to 
washing, are also easily obtained. Exa*t control is very dimcult in 
practice, however; there is more or less severe wastage of fibre 
substance involved, while the effects are often harsh and although 
distinct, did not prove attractive on the kind of goods most intei^Bt- 
ing to the writer. The desirability of imitating, more or less 
imperfectly, wool or linen is very dependent on the.price of real 
wool and linen, and the class of/abric treated. Heberlgin and Co.** 

“ E.P. 196,753 ; J., 1923, 601a. 

“ BuU. Soc. Ind. Mulhousc, 1923, 89, 198 ; J., 1923, 651a. 

** Fine Cutton Spinners Assoc., and M. Cunningham, E.P. 202,057 ; 

1923, 972a. 

*’ E. Farrell, E.P. 197,338 ; J., 1923, 631a. 

** E. 0. Sannor, a.P. 376,541 ; J., 1923, 972a. 

‘»E.P. 191,203 ; U.S.P. 1,439,612/520; J., 1023, 180a. E.P. 192,227 s ' 
J., 1923, 306a. ■ 
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now obtain transparency and lustre by mercerising, e.g., at 12° C., 
followed by a treatment with sulphuric acid (sp. gr. 1-58). Re¬ 
mercerising may follow, and is able to remove harshness. Wool¬ 
like effects are obtained by treatment with sulphuric acid (sp. gr. 

1 •515-1-546), then mcrcerisation under tension. Linen-like effects 
(on threads not exceeding 80 count) are obtained by treatment 
with caustic soda of sj). gr. over 1;1I6, below 0°C., followed by 
treatment with sulphuric acid. Tcxtil Work Horn A.-G.'* add 
ammonium salts to sulphuric acid used for rendering cotton fabrics 
transparent, and thus avoid the usual unpleasant stiffness. A 
patent has been granted^’ for obtaining a permanent finish on 
cotton by tlie u.se of nitrating acid, and another^ claims to obtain 
a transparent effect by using carbon tetrachloride along with 
caustic alkali, followed by a treatment with sulphuric acid of 
sp. gr. I'ft-l-T. 

Recent interest in the use of calcium thiocyanate as a solvent for , 
cellulose is reflected in a patent®^ for obtaining mcrcerisation witlv 
this reagent, without the usual harshness, by mercerising in the 
ordinary way before, or after, the thiocyanate treatment, which is 
applied also to printing. 

Dyeinc; Of, Vegetable Fibres and Artieicul Silks. 

The most important and intercstmg work of the year under this 
section relates to the dyeing of cellulose acetate silk. It is matter 
for congratulation that, whUo it is only recently this fibre has 
become a Rritish manufacture, and whereas long previously it had 
gained the close attention of one of the great German dyestuff 
firms, the invention of satisfactory dyes capable of being applied to 
it by simple practical methods, is of British origin. The resultant 
simplification of treatment and extension of use should go far in 
helping to ensure the success of acetate silk. It is likely, however, 
that acdlate silk, as we no^ know it, will sooner or later be dis¬ 
placed by a new or improved product with less tendency to revert 
under«alkaline and other influences, with accompanying loss of 
lustre. The present type of acetate silk is no improvement on the 
oth5r artificial silks for use in conjunction with linen or cotton to 
be bleached in the piece, for while it withstands the dissolving 
action of an alkaline treatment better, it readily undergoes saponi¬ 
fication and loses lustre under condilions which damage the lustre 
of certain other artificial silks very little. It is noteworthy that 

“ E.r. Ul.';,C2U ; J., 1922, 884a. 

(). L. Sc'huttig, U.S.P. 1,451,300 ; J., 1923, 547a. 

"■ J. McHallto, iitul Stevenson, McKellar and Co., E.P. 189,968 : J., 1923, 
92a. 

“Cnlino Printer' ,-Woc. and 15. .4. Foumoau.v, E.P. 190,(190: J., 1923, 

(iOlA. 
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thorc in patent acti^^ty, botli in tliiw country and abroail, in 
connexion with alkylccllulosos and other cellulose ]>rodi]ct« na 
spinning materials, antt the artificial fibre industry is now capable 
of quick developments. Meanwhile cellulose acetate silk-with its 
■soft lustre, low inflammability, and insolubility, with consequent 
greabT strength when wet, seems likely to attain considerable use 
and occupy an important i)lace in the textile industry. The same 
quality of insolubility, or r nstance to wetting, has been the 
obstacle to dyeing it by ordinary methods. Two obvious solutions 
of the difficulty have been exploited for some time, viz., to add dyes 
to the solutions used for spinning, and, alternatively, j)artially to 
saypnify the acetate .silk.as an operation preliminary to dyeing in 
aqueous l)aths. Both methods have certain pretty obvious draw¬ 
backs and tend to limit the uses of the product. The search for 
more satisfactory methods has centred chiefly on improving the 
application of the ice-colours, and alternatively producing from 
■ insoluble azo dyestuffs a class of dcrivative.s which the fibre could 
^ke up from aqueous solutions. It is success ator^ the latter 
lines which provides tin' outstanding achievement in dyeing this 
year. 

A. G. Green, K. H. Saunders, and British Dyestuffs Corp.,''^ 
claim the manufacture and u.se as dyes for acetate silk, of m-methyl- 
sulphonic acids of amino-azo compounds, these'dyes possessing 
the special property of liberating their coloured bases for gradual 
absorption by the fibre. Diazotisation of these dyes on the fibre, 
and development in the usual way with phenolic compounds, yields 
still greater variety in shades, as well as increased fastne.ss. The 
harmful preliminary saponification treatment with alkalis is 
rendered thereby unnecessary, and complicated colloidal and other 
variatiens of the usual dyeing methods are likely to be superseded 
by simple, easily controlled dyeing operations. A further achieve¬ 
ment is recorded in the patent^s of J. Baddiley, J. Hill, and E. B. 
Anderson, along with British Dyestuffs Corporation. •Unlike 
Rulphonic acid compounds, which forfn the great majority of 
ordinary water-soluble dyes, certain water-soluble dyes containing 
carboxyl groups are suitable for dyeing acetate silk. This simple 
distinction apparently has been long overlooked by an army'of 
experimenters. The distinction is easily made if dyeing of the water- 
resistant fibre is regarded as analogous to the transference of a 
dissolved substance from one solvent to another immiscible solvent. 
The discovery leads direct to the production of a wide range of 
shades, obtainable by simple dyeing of amino-carboxylated dye¬ 
stuffs, with possibilities of diazotisation on the fibre and develop¬ 
ment along the usual lines of practice. 

“ E.P. 200,873 ; J., 1923, 92Ca. 

“ E.P. 202,167 ; J., 192S,^972a. 
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now obtain transparency and lustre by mercerising, e.g., at 12° C., 
followed by a treatment with sulphuric acid (sp. gr. 1-58). Re¬ 
mercerising may follow, and is able to remove harshness. Wool¬ 
like effects are obtained by treatment with sulphuric acid (sp. gr. 

1 •515-1-546), then mcrcerisation under tension. Linen-like effects 
(on threads not exceeding 80 count) are obtained by treatment 
with caustic soda of sj). gr. over 1;1I6, below 0°C., followed by 
treatment with sulphuric acid. Tcxtil Work Horn A.-G.'* add 
ammonium salts to sulphuric acid used for rendering cotton fabrics 
transparent, and thus avoid the usual unpleasant stiffness. A 
patent has been granted^’ for obtaining a permanent finish on 
cotton by tlie u.se of nitrating acid, and another^ claims to obtain 
a transparent effect by using carbon tetrachloride along with 
caustic alkali, followed by a treatment with sulphuric acid of 
sp. gr. I'ft-l-T. 

Recent interest in the use of calcium thiocyanate as a solvent for , 
cellulose is reflected in a patent®^ for obtaining mcrcerisation witlv 
this reagent, without the usual harshness, by mercerising in the 
ordinary way before, or after, the thiocyanate treatment, which is 
applied also to printing. 

Dyeinc; Of, Vegetable Fibres and Artieicul Silks. 

The most important and intercstmg work of the year under this 
section relates to the dyeing of cellulose acetate silk. It is matter 
for congratulation that, whUo it is only recently this fibre has 
become a Rritish manufacture, and whereas long previously it had 
gained the close attention of one of the great German dyestuff 
firms, the invention of satisfactory dyes capable of being applied to 
it by simple practical methods, is of British origin. The resultant 
simplification of treatment and extension of use should go far in 
helping to ensure the success of acetate silk. It is likely, however, 
that acdlate silk, as we no^ know it, will sooner or later be dis¬ 
placed by a new or improved product with less tendency to revert 
under«alkaline and other influences, with accompanying loss of 
lustre. The present type of acetate silk is no improvement on the 
oth5r artificial silks for use in conjunction with linen or cotton to 
be bleached in the piece, for while it withstands the dissolving 
action of an alkaline treatment better, it readily undergoes saponi¬ 
fication and loses lustre under condilions which damage the lustre 
of certain other artificial silks very little. It is noteworthy that 
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The Chem. Fabr. Giiosheim-Elektron’® protects the use of 4-halogen* 
3-toluidide of 2.3-hydroxynaphthoic acid for use in the production 
of fast shades on cotton, of the insoluble azo t 3 rpe which yields such 
notable advances on what was formerly obtainable with a j8-Daphth')l 
prepare. This new series of preparing agents of the Naphthol AS 
classes now able to provide a fairly wide range of shades, fast to 
boiling and chlorine. These two qualities are not enough, however, 
to satisfy the bleacher ai.d fin' her of piece goods containing dyed 
effects. The writer has bleached goods containing coloured effects 
dyed with the new insoluble azo dyes, which are remarkably fast 
to hypochlorites, but they vary as regards the effect of alkalis and 
rubbing. Beetling is a .s(^v' re test as regards rubbing, and if dye- 
maters and dyers W'ould w'rap their dyed samples in white cotton 
and hammer or beetle them for an hour under varying conditions 
of damp, they would surely modify some of the claims made to 
fastness to rubbing. It is now claimed to improve the fastness to 
, rubbing of the ice and developed dyes by applying strong suction 
^ fabrics while wound on a perforated beam, after developing.™ 
In connexion with the same class of dyes, a paper by J. Rath™ on 
the colloidal state of Naphthol AS in the alkaline grounding or 
preparing solution used in dyeing, is of considerable practical and 
scientific interest. 

In connexion with mordanting, claim is mado™tj) apply colloidal 
solutions of metallic salts of sulphonatedcouraarone resins. A paper 
by C. Sunder^'' deals with the use of antimony compounds for fixing 
tannins, and A. Peltzcr discusses the evaluation of tannins for use 
in dyeing.’*^ A careful comparison by means of actual trials is 
still far more reliable for examination of tannins for use in dyeing 
than any system of chemical analysis. A method of synthesising a 
blue dve in situ on tannin-mordanted cotton consists of steeping in 
an oxiSising bath, followed by a bath of colloidal sulphur and an 
alkylated p-phenylenediamine salt.''* An improved method of 
dyeing logwood blue on cotton,™ a proposal to add dyes tq the oil 
softening-liquor applied to jute in batching,''* and a method of 
improving the quality of blue pigment obtained as a by-produot 
from prussiate Aniline Black dyeing, by precipitating waste l^uors ' 
with iron,’* may also be mentioned. 

201,712 ; J., 1923, 968a. 

" Cliem. Fabr. Grioshoim-Elektron, G.P. 368,734 ; J., 192?, 44$a. 

J. Soc. Dyers mid Got, 1923, §9, 334. 

H. Kenner u. Co., A.G., E.P. 173,757 ; J., 1923, 465a. 
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A novel proposal is that of using azulmic <aci(l, obtained liy 
polymerisation of hydrocyanic acid, as a dyo for vegetable fibres,™ 
hut its commercial success is doubtful. In connc.xion with dyeing 
machinary there arc several new patents, but they do not appear 
to require description here. 

Oases of industrial poisoning are not very often mot with m the 
dyeing industry, outside a few special o])c.rations. The subject is 
one regarding which there has berm a marked increase in the 
sensitiveness of public opinion in recent years, and greater pre¬ 
cautions are likely to be demanded. It. Williamson reports on the 
poisoning of those employed in Aniline Black dyeing by the various 
methods.®* A patent has been obtained for " heading ’’ certain 
kinds of dyed yarns in the damp state after dyeing, to avoid 
poisoning by lead dust.*® 

G. G. Clegg and S. C. Harland*® have investigated neps in cotton, 
and their resistance to dyeing. Nejis were found to consist of 
tangled masses of thm-walled hairs, such as are known to arise 
from the death of cotton seeds before maturity, and this leads thr 
authors to recommend a more detailed physiological .study. 

J. Huebner and J. N. Sinha*'* have continued Huebner's work on 
the absoqdion of dyestuffs by cotton, and it now embraces the 
behaviour of the principal cellulo.ses towards iodine and dyestuffs. 
An interesting \”,idc-iBauo is their discovery of the formation of 
iodoform when cellulose is treated with iodine and caustic alkali. 

A. Gillet and F. Giot*® have investigated various lines of after- 
treatment and impregnation after dyeing, designed to increase the 
fastness of dyed shades to light and exposure. They claim to have 
shown that auto oxidation causes fading in many cases, and that 
protection by the use of anti-oxygenisers is possible. No practical 
method, however, emerges from this research, if cost is to be 
considered. After-treatment with copper salts, which is the most- 
used practical method available for increasing fastness to light, is 
often accompanied by change of shade due to lake formation. 
Using the same dye and‘variou3 metaHic mordants, it is often 
possible, according to the writer’s experience, to trace a connexion 
between fastness to light and insolubility of the lakes formed. 
Fiaishing methods which produce an air-tight skin on dyed fibres 
arc also effective in some cases in hindering fading, but the subject 
is extrcmelyc complex and no single theory of fading will explain 
adequately the fading of all the dyecLshades which are now produced. 

« G. S. Bohart, Assr. to G. H. Wliittingham, U.R.P. 1,464,802/3 ; J., 192.3, 
1016a. 

“ J. hid. Hijq., 1923, 4, 507 ; J., 1923, .546a. 

A. Aahworlh, E.P. 192,469 ; J., 1923, 306a. 

Text. JnM., 1923,14,125 J., 1923, 709a. 

«* J., 1923, 25.5T. 

“ CnmptM nnd., 1923,178, 1558 ; J., 1923, 708*. 
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A method of analysing sodium hydrosulphite in presence of air' is 
described by S. H. Wilkes,*® and being based on a reaction with a 
mixture of potassium iodate and iodide, is only applicable in absence 
of certain impurities, and is, therefore, not applicable* to the 
analysis of dyo vats. 

Dyei>’g ok Vmimal Fibres. 

The dyeing of animal fibres prtmdes the chief battlefield for the 
ex])onents of various theories of dyeing, as the evidence of chemical 
action here is so strong that any theory which asoribes dyeing of 
th(^se fibres and fastm-ss* uf the dyed .shade.s to puiely physical 
causes of attraction Ixdween fibre and dye, must cither ignore or 
endeavour to disjiose of a good deal of counter-evidence. The more 
vague and generalised is the theory, the h'.ss use it is to the industry, 
and while, ])resumably, tlu'ories of dyeing should lead to some 
• improvement in practice, it is undeniable that they very rarely do, 
“but. remain usually in the enchanted liorderland between chemistry 
and phy.sics, and are little heard of in dychouses. It is important 
to bear in mind the heterogeneous cliemical and jihysical nature of 
fibres and materials which are dyed, and likewise the heterogeneous 
character of the coloured products rated as dyes. As the writer 
has already pointed out elsewhere, suljiliurie acidvtould be rated as 
a dye if it were coloured, for it is absorbed by wool and retained 
against washing, like picric acid, which is reckoned a dye. The 
accidental nature of colour in relation to ab.sor])tion by fibres is 
overlooked in a good deal of hasty generalising about dyeing. 
Chemical knowledge relating to dyeing is always useful in practice, 
and, where it can be systematised to explain t he main features of a 
dyoing.opcration, provides the most useful theory available for the 
dyer, while often undeniably leaving a good deal of the remoter 
changes taking place in dyeing to be explained in other ways. 

P. E. Bartcll and E. J. Miller®’ show that chemical change takes 
place involving considerable hydrolysi# and liberation of alkali 
hydroxide, when acid dyes are absorbed by sugar charcoal f^ee of 
a.sh. J. R. Adams®® finds no difference in his experiments, between 
the “ adsorption ” of acid dyes by chlormatcd and untreated wdol, 
which is contrary to the accounts hitherto given in both patent and 
technical literature. • 

The “ adsorption ” of Orange II. by alundna is found to be 
largely affected by small changes in hydrogen-ion concentration,®® 
while somewhat related are the observations of T. R. Briggs and 

J., mt, 3.50t. 

*’ J. Amer. Cltem. Soc., 1921!, 4S, HO# ; J., 1923, B71a. 

»" Phys. Chem., 1923, 27, 81 ; J., 1923, 221a. 

0. Roinmuth and N. E. Gordon, Ind. Eng. Chem., 1923, 15 , 818 • J 
1923, 926a. ’ ■’ 
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A. W. Bull,®" who claim support for a physical theory of the dyeing 
of wool with acid and basic dyes, from experiments in which the 
amount of dye “ adsorbed ” was found to vary continuously with 
the hydrogen ion concentration. Every dyer is familiar with the 
fact that increased acidity of the bath promotes the dyeing of acid 
dyes, and retards that of basic dyes, but, a priori, this appears more 
like evidence of a chemical theory of dyeing than a physical theory. 
It would be interesting to know hot?’ the physical theory deduced 
by these authors would be applied to another case of the dyeing of 
wool with acid dyes which falls to be reviewed here. British 
Dyestuft.s (iorjxiration and W. E. Sanderson®’ protect a method of 
dyeing acid dyes on animal fibres from a batb containing soap and 
ammonium salts, this procedure allowing of the simultaneous dyeing 
of vegetable fibres present with direct dyes. The ■writer has sUted 
his ■views at length elsewhere,*® and also shown that the use of an 
ammonium salt, in place of a free acid, to promote the dyeing of 
acid dyes, does not involve an increase in hydrogen-ion concentra¬ 
tion in the dye bath, the bath being in fact alkalme with ammonia, 
while dyeing is proceedmg, the assistance rendered to dyeing 
being thus related, not to any acidity of the bath, but to the 
transference of acid from the ammonium salt to the fibre, quite in 
accordance with the writer’s theory of what occurs to promote 
dyeing when frefi acid is used in the bath. From this explanation 
to the method now patented is a small step, as the alkalinity of 
soap is not sufficient to increase the alkalinity of the bath containing 
ammonium salt, to an extent which ■will prevent the ■vital reaction 
occurring. It appears therefore that a physical theory of dyeing 
based on relating “adsofption” of acid dyes by wool to hydrogen- 
ion concentration in the bath, is unlikely to be of much service when 
applied to practice, which is the ultimate test of theories. Further 
contributions from the standpoint of a physical theory are those of 
R. Haller,** who failed, however, to establish any relation between 
the state of dispersion in indigo vats of various kinds and the 
varying results the dyeings provided under subsequent fastness 
tests 1 , secondly,*^ the same author records some experiments 
which aim at showing that wool is not an amphoteric substance, but 
is iSioapable of entering into chemical reactions in various dyeing 
processes. 

The extreme sensitiveness of wool and other animal fibres to 
chemical influences during dyeing, however, is the reason for a 
number of patents for methods of protecting these fibres from the 


•« J. Vhys. Clicm., 1922, 26, 845 ; J., 19211, 91a. 

" E.P. 194,143 ; J., 1923, 448a. 

“ M. Fort, J. Soc. Dyirs and Got., 1916, 88, 33. 

« Texlilber., 1922,3, 433 ; J., 1923, 11a. 

•* Z. ges. TextUind., 1922, 25,402, 411 j J., 1923, 600a. 
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action of alkalis. *.T. Morton and K. R. Wood’”^ add lactic acid to 
prepared dye vats t^ reduce the caustic alkalinity to harmless 
proportions. It is also claimed to add sulphite-cellulose waste- 
liiiucr to sulphur dyebaths** and to chrome dye baths®’ for wool, 
while animal fibres are yireservcd against injury during alkaline 
treatment by addition of a wide range of aromatic compounds, 
mcluding p-diamines, quinoncs, and hydroxy derivatives of benzene 
and naphthalene.** Other p. leiits deal with the addition of 
decomposition produefs of proteins to dye baths®* and alkali- 
soluble ])i'otcin compounds of heavy metals, prepared from 
vegetable extracts, which precipitate gelatin and find applications 
in»dyeing and printing.’'*' A method of rendering .animal fibres 
resistant to dyeing is applied to the dyeing of unions to preserve 
th(®o iibres umstained, and consists of treatment with acetic 
anhydride and arctic acid in presence of a catalyst,’®’ while the 
same firm has protected the use of acetic esters of tannic acid in a 
similar conncxion.”“ 

A batch of patents granted to Akt.-Ges. fiir Anilin-Fabrik., is 
concerned with fur dyeing by oxidation mcthoils, which this firm 
has done much to develop, and which has now reached so high a 
state of perfection as to be very apparent to all in the hyphenated 
coney products now occupying such a prominent position among 
furs. The, new patents cover the use of 2.'7-dihydro*xynaphthalene,’®’ 
the same in conjunction with 4-amino- or 4.4'-diamino-diphenyl- 
amine,’®’ l.,5-dihydroxynaphthalene,’®* substitution products of 
4-aminophenol,’®* and tri- or tetra-amino derivatives of diphenyl, 
diphenylmethane. or sym-diphenylcthane in conjunction with 
p-diamines.’®’ Modern fur dyeing is related to the method of 
dyoii^ Paramine Brown on cotton, long familiar to printers. The 
fur dyer, however, works largely with hydrogen peroxide and other 
'■ pcr-compounds ” and the process is usually very wasteful in 
chemicals, but good results will pay for expensive methods. A 
hair-dye has been patented on the same lines.’®* 

»'E.P. 202,757 ; J„ 1923, 1017a. 

"« .\kt.-Ges. {. AnUin-Fabr., O.P. 389,290 ; J., 1923, 449a. 

Ibid., E.P. 188,632 ; J., 1923, 652.A. 

»« Ibid., G.P. 359,228 ; J., 1923, 547a. 

C. Bemiort, G.P. 301,038 ; J., 1923, 204a. 

R. Httborer u. Co., G.P. 373,014 j J., 1923, 953a. 

R. Haynn and P. Miinz, Asars. to L. CaasollaundCo„U.S.P. 1,451, 299; 
J., 1923, 547a. 

204,008 ; 1923, 1173.A, 

>”E.P. 174,595 J J., 1923, 141a. 

Q.P. *67,690 ; J.. 1923, 398a. 

a.P. 371,231/3 ; J., 1923, 707a. 

E.P. 189,040 and 189,054; J., 1923, 52a. 

G.P. 365,785 ; J., 1923, 398a. 

‘»«T. E. Rule, E.P. 200,375 ; J., 1923, 827a. 
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Silk weighting, which is one of the most flaJgrant practices of 
adulteration permitted unchecked in connexion with an article of 
great value, is usually carried out hy the dyer. Weighting with a 
vegetablb syrup containuig tannin, after dyeing, is proposed,^"* 
also weighting, before dyeing in the piece, with tin salts followed by 
a treatment with glycerin prior to weaving,^*" and it has been 
patented also to ap])ly salts of the rare earths, such as lanthanum 
ammonium nitrate, for the weighting’ of silk.^“ 

I’lUNTINO. 

Certain processes discussed under preceding sections have 
applications to ])rmting, but in addition to these a number of 
improvements have been made of more or less special interest to the 
jirintcr. According to P. Binder,titanic oxide is superior to 
titanie acids for use in ])riuting pastes, its covering power being 
superior to that of zinc oxide or barytes. 

It is pro])osed to use ehloroacetic acid or glycollic acid as dye • 
solvent in ])rinting jiastes in place of acetic and formic acids as 
hitherto employed.'*^ 

An interesting patented jirocess is one in which the leuco-deri- 
vatives of vat dyes arc rendered soluble by conversion into salts of 
sulphuric acid esters, and in this form may be aj)plied in dyeing and 
printing to yield fast shades after subsequent development on the 
fibre with oxidising agents.^^’ Another novel claim is to use the 
condensation product of formaldehyde and thiodiglycol m place of 
the usual oil mordants applcd to the; fixation of alizarin colours 
in dyeing and printing. .Lake formation takes place with the new 
mordant only on steaming.^'’ 

The inability of zinc salts to react with potassium ferrocyanide in 
presence of ammonia is utilised by N. I. Planowski and 1L. S. 
Smirnov to make up printmg pa.stcs containing these reagents, 
along wilji a basic dye, which is fixed after printing, jnesuraably 
by steaming to remove amraonia. 

The intensity of shade of steamed Aniline Blacks is improved*” 
by adding an azo derivative of aniline, such as aminoazobenzene, 
to tlie padding or printing mixture, the amount of this addition 
permissible being not greater than one-fifth that of aniline. In ' 
connexion witji Para Red and its homologues, C. and H. Sunder 

■"•C. v.ilofMmialz.U.S.l'.-1,4.57,G07‘; ./., IftZIl, 713 a. 

G. W. (.'oIk, jun., tT.S.P. 1,446,834 ; 1623, 349a. 

■" Gos. f. Vcrwoitunf! Chotn. Prod. m. h. H., G.P. 373,771 ; J., 1923,971a 
BtiU. A'or. Iml. MnJhmm’, 1923, 89, 196 ; J., 1923, 0.61a. 

J. R. Geifrj', E.P. 183,813 ; J., 1923, 972a. 

’“DumiidctHuf'onin S.A.,TT.S.P. 1,448,2.51 ; J., 1923,398a. 

“'■Parbw. V.MBister,lAioius,und Briining, G.P. 371,413; J., 1923, fl62A. 

"‘Bun. Iml. Poljt. Icanom-Voznemiak, 1923, 7, 115 ; J., 1923, 826a. 

G. Alls, E.P, 176,633 ; J., 1923, 65a. 
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cUhcuss the inulhfldK of iliazotLsatioii of ji-iiitianiliuc for uso in 
dyeing and i>rmting,*** while in connexion with discliargc printing 
there is a further eonlribution from M. Battegay and P. Brandt, 
dealing with the role of anthraquinone as catalyst in formsddehyde- 
hydrosulphite discharges of Naphthylaniine Olaretd** Half-resist 
effeoin on wool dyed with acid dyes are obtained after printing on 
Ncradol D and steaming jnior to dyeing, according to J. Pokomy.'^ 
M. Richard describes a proce- of khaki production on a naphthol 
prepare by ])rinting with a paste containing vat dyes and iron 
pyrolignitc,*^* and R. Haller describes a process of obtauiing 
Alizarin Red discharges on indigo-dyed cot ton .'^2 

SiZINCI, PlNISniNO AND PuOOKINC!. 

\^arious chemical treatments allied to mercerisation, for the 
production of lustrous and other finishes, have been treated already 
in the section on mercerisation. 

Sizing of yarn is not a finishing operation, but a treatment 
carried out primarily in aid of weaving, nevertheless it involves the 
use of finishing materials and is closely allied in privctice to certain 
cloth-sizing treatments applied in connexion with Wishing. Sizing of 
yarn is more or less important on all fibres in one or other connexion, 
but especially in the production of cotton goods, in order to attain 
smooth weaving uninterru])tcd by breakages of v^rp threads, and 
also regularity of weave. Such sizing is often made the vehicle for 
added weight, but this stale device has long been over-exploited, 
and a better opportunity for improving sizing is in the direction 
of applying a whole category of unsaponifiablc fats, oils, and waxes, 
of which the chief is paraffin, which have Ititherto been ruled out of 
use, or only surreptitiously employed, on account of the failure of 
aqueous scouring methods to remove them later when dyeing or 
bleaching is required. With the advent in bleaching of commercial 
solvent extraction the ban on the use of paraffin can be removed, if 
care is taken to ensure the goods having a suitable solvent tKjatment 
before bleaching.^^s rpijp extension of flic use of automatic looms, 
and the question of obtaining their greatly increased produc^on, is 
largely dependent on adopting the most suitable sizing methods to 
allow of obtaining the increased sixjcd in weaving, with a minintum 
of stoppages. The notable smooth-weaving properties imparted 
by soft paraffin should lead to a closer investigation of what cam be 
done to improve sizing with materials of this kind, now the ban on 
their use is removable. Too much has been made of the difficulty 

"* Bull. Soc. hul. Mulhouse., 1923, 89 , 237 ; J., 1923, 713a. 

Ibid., 1923, 89 , 365 ; J., 1923, 1127a. 

“ Ibid., 1923, 89 , 379 ; J.,1923, 1127a. 

Ibid., 1923, 89 , 382 ; 1923, 1127a. 

« Ibid., 1923, 89 , 376 ; J., 1923, 1127a. 

M. Fort, J. Soe. Dyers and Col, 1922, 38, 250. 
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of emulsifying unsaponifiable oils and waxes in Vho preparation of 
size; it can be accomplished usually with the aid of various well- 
known emulsifying agents, and with the aiJ of the colloid mill the 
most extreme cases should now present little difficulty. 

A. E. Owen*^'' has contributed an account of an investigation 
upon the effect of sizing on cotton yams when under oscillatory 
tension, as in the loom, the upjier limit of the safe range being well 
below the average breaking tension. • Sizing greatly enhances the 
resistance to oscillatory strain, but the differences due to the 
variations in size mixing appear to bo only small when compared 
with the differences due to variations in yarn structure. Increased 
resistance to oscillation, moreover, when conferred by sizing,; is 
partly offset by the simultaneous imposition of a more limited 
capacity for ultimate extension without rupture. i. 

A very important property of fibres, as it affects the finishing of 
textiles, is that of ' plasticity,” the property of taking a permanent 
set under strain, as opposed to so-called “elasticity.” Operations ' 
like crabbing depend directly for attaining their purpose on a skilful ‘ 
use of this property of fibres, and great differences exist among the 
fibres, especially between the two great divisions of vegetable and 
animal fibres. An investigation by F. T. Pciroe'^^ into the plasticity 
of cotton is of interest, not because the results are directly applicable 
to finishing—thet limited conditions, such as temperature, under 
which they were obtained prevent that—but on account of intro¬ 
duction of means of measuring plasticity and the new data being 
a first instalment which is capable of valuable extension. 

A study of the flow of starch pastes through capillary tubes, with 
applications to viscometiy applied to the te.sting of starch pastes, is 
contributed by F. D. Farrow and G. M. Lowe.*^* J. Huebner and 
V. Malwin^” publish the re.sulte of tests of the effect on ripping 
strain and tensile strain of impregnating cotton with various salts, 
starch, and soap, and these allow it to be seen that a reduction in 
ripping strain does not invoH'o a reduction in results obtained under 
tensile strain in all cases. • 

Papers on subjects of possible interest to certain special branches 
of textile finishing arc one on s}Tithetic resins by R. Furness,and 
one •dealing with the purification of commercial paraffin waxes by 
P. F. Gordon.^' 

• Miscellanbous. 

Micro-orgaiusms play an important part in the retting methods 
applied for isolation of bast fibres, such as flax, from the stalk. In 

J. Texl. Inst., 192.'!, 14, 37ot. 

‘“iMd., 1923,14, 391 t. 

Ibid,, 1923, 14, 414t; Ahs., 1924, B, 50. 

J., 1923, 66t. 

“• Chem. and Ind., 1923, 1000. 

“• J., 1923, 405t. 
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the course of an intoesting discussion on the action of bacteria on 
cellulosic matter,“ H. langwell emphasisetl the error of the 
common assumption *that chemically resistant cellulose is also 
resistant to bacterial action; on the contrary, it is destroyed by 
fermentation, which does not affect lignin. In the writer’s opinion, 
the aromatic nucleus winch is attributed to lignin, evidence of 
which he has observed in the course of special bleaching operations, 
may help to e.xplain this rcsi ince. 

A paper on the distribution of iodme between chloroform and 
starch solution, by J. B. Frith and F. S. Watson,and one by 
G. T. Morgan on the new British dyestuffs industry may be 
nq|.ed. •• 

The stream-line filter of H. S. Hcle-Shaw“ is of great interest on 
account of the possibilities it offers, such as clarifying peaty water, 
for separation and concentration of colloids, and its grading action 
on solutions, e.g., dyes. 

Another imitation daylight lamp, of a not very novel type, has 
been patented,*** and an apparatus for determining the meltmg 
point of coal ash is described by F. S. Sinnatt, A. B. Owles, and 
N. Simpson.*** 

>“» .7., 1923, 279t (also 169 t). 

J., 1923, 308t. 

Chem. and Ind., 1923, 868. 

J., 1923, 353t. 

Gillet ot Fils, E.P. 196,890 ; J., 1923, 877a. 

1923, 266t. 
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By H. J. Bailey, O.B.E., F.I.C. 

Inspector of Alkali etc. Works. 

The steady recovery in the heavy cliemical industry exiierieuced 
during the year 1922 was fairly well maintained during the early 
months of the year now under review. 'J'he stabilisation of 
prices and wages, which had been brought about after much 
anxiety and thought during the former year, has resulted in 
maintaining the progress already attained in the endeavour to 
recover from the severe depres.sion of the year 1921. The pro¬ 
duction of sulphuric acid in this country was .seriously influenced , 
by the importation of largo (piantities of prepared superphosphate- 
from the Continent, which during the season 1922-1923 reached 
a figure of about 100,000 tons, and it is feared may again reach 
similar proportions during the prc.scnt season. 

During the later months of the year the depression in the 
textile trades hi^s reacted on the heavy chemical trades to some 
extent, and progress towards full recovery has been retarded. 

In ammonia products the, partial rcjcovery of the steel industry, 
coupled with a brisk export trade for coke during the first half of 
the year, has brought the bulk of the by-product ovens of the 
country into commission^ and resulted in larger production during 
1923, all of which has been dispo.sed of at fairly steady prices. 

The production of sulphuric acid in the United Kingdom, as 
compared with that during the year 1922, has been estimated as 
follows:— 


Sulphuric acid mumifaclimd in the United Kingdom, expressed as Ions of 

’ 100% luso,. 


« 

1921, 

1922. 

1923 

(estimate). 

#• 

C\iainber process 

533,000 

773,000 

807,000 

Contact })roco^ 

28,000 . 

45,000 

47,000 

Total 

1 501,000 

1 818,000 

j , 854,000 


Although the strenuous times through which industry has been 
passing do not lend themselves to the laying out of capital on new 
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industrial vcntunfe, the past year has been quite fruitful in bringing 
to the fore certain new methods and processes which may have a 
very marked effect in shaping the industry of the future. Con¬ 
siderable progress has been made in investigations to iftilise the 
remarkable absorbent properties of activated charcoal* and silica 
gcl.^ The former was found to be of great use for gas masks 
during the war, and since that time its application to the absorp¬ 
tion of gases in peace time r...iustries has been carefully pursued; 
its more recent lival, silica gel, prepared by the precipitation of 
silica by me.ans of acid from solutions of sodium silicate, is held by 
some to be a more efficient absorbent, but has this disadvantage 
in»comparison with .activated charcoal, that whereas the absorbed 
gases from charcoal can be driven out and the charcoal rc-activated 
bydhe p.assage through it of superheated steam, the silica gel has 
to bo furnimed to drive off the absorbed products and to revivify 
the gel for the subsequent ojieration. R. M. Faber, H. G. Olson, 
and W. A. Taylor, have studied the absorbent properties of 
silica goP and its revivification at temperatures of 200° C., and 
find that for benzene, water, nitric acid, and nitrogen peroxide, 
complete recovery is obtained of the adsorbed sub.stance with 
very little deterioration in efficiency of the gel for further absorp¬ 
tions. It is somewhat early to attempt to forecast in what 
directions the use of these solid absorbents ma}^ find application, 
but it is cl,aimed that their effective use in benzol recovery has 
been proved, and further applications in the near future may be 
looked for. 

The discovery of the “.stream-lino” filter* by H. S. Hele-Shaw 
has opened up immense possibilities for the future in regard to 
filtration. When dealing with thin films of fluid the inventor 
found* it possible not only to separate the finest particles of 
suspended matter, but also to separate fluids of different densities 
if the films were sufficiently attenuated. This led to further 
research, which resulted in the filter ga known to-day consisting 
of packs of some thousands of thin sheets of material such as 
waterproof paper, which is not wetted by the material* to be 
filtered. The packs of paper are held between press-heads on 
which the pressure necessary can be applied, and the papers are 
provided with similar perforations so that, when compressed, 
these perforations form tubes running from one end^to the other 
of the pack. The liquid to'be filtered is forced’under great 
pressure into one or more of these tubes, passing in thin streams 
between the individual papers to the outlet tubes. The inlet or 

* Chem. and Ind., 1923, 850, 1141, 1164. 

‘im., 1923, 850, 1141, 1164. 

* Chem. and Met. Eng., 1923, 28, 805 ; J., 1923, 604a. 

*J., 1923, 363t. 



186 


BEPORTR or TKE PROGRESS OP APPLIED CHEMISTRY. 


pressure tubes are made with larger perforations than the outlet 
tubes so as to provide the maximum space for the liquor to enter 
the minute interstice.s between the paper' sheets. The material 
to be filtered from the liquor remains in the inlet tubes, and at 
definite intervals the flow is reversed and the sludge washed out. 
A filter containing 24 packs and approximately 34,000 sheets of 
paper can deal with 5| tons of liquor per hour, and the filter deals 
successfully with the finest of colloids, and apparently can remove 
substances such as certain colouring matters which were formerly 
held to be in solution and not merely in suspension. The applica¬ 
tion of this new method of filtration to various industries is being 
closely studied, and as a concentrator avd as a filter there wojdd 
appear to be numerous directions in which such applications 
would be of great utility. i 

The continued replacement of the Leblanc and ammonia-soda 
processes by electrolytic methods has led to the necessity of 
discovering wider fields for the application of the resultant chlorine. 
The experience gained during the pa.st few years has made it’ 
possible to transport liquid chlorine with .safety in cylinders and 
also in railway tank waggons, with the result that liquid chlorine 
is finding increasing outlets, the chief of which are for water 
purification and for the manufacture of bleaching liquors by 
absorption in alkalis at the works where such liquors are required. 
In addition there has sprung up a considerable industry in the 
manufacture of synthetic hydrochloric acid by burning the chlorine 
in excess of hydrogen and condensation of the product in water. 
In this way a product of high strength and considerable purity 
can be obtained, and pioduction by this method is increasing in 
this and in other countries. During the early stages of the 
evolution of this process troubles were experienced due to 
explosions of the mixture of chlorine and hydrogen, and care must be 
taken to have an excess of hydrogen always present. The Badische 
Anilin- u. Soda-Fabrik-'' avoids risk of explosions by arranging a 
continuously burning ignition flame at the place where the two 
gases are brought together. Discoloration of the resultant acid 
bas also been a source of trouble, such discoloration frequently 
taking place some time after the acid has been manufactured and 
bottled. By some this discoloration was thought to be due to free 
chlorine, and» B. Neumann® considers that where free chlorine is 
found to exist in the acid it is due to faulty mixing or combustion, 
and not to any possible slight reversibility of the reaction 

+ CI 2 = 2HC1 at the high temperature of the reaction flame. 
In certain eases this trouble of discoloration has been overcome, 
and no doubt future experience will lead to the produetion of a 

‘E.P. 173,300; J., 1923, 1130a. 

• Z. angm. Chem., 1923, 36, 629 ; J., 1923, 1173a. 
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lierfectly colourless acid. G. Poma and G. Andreani’ produce 
synthetic hydrochloric acid by passing steam and chlorine over 
heated coke accordifig to the equation 2 H 3 O + SClj + C = 
4HC1 + OO 2 and condensing the resultant hydrochloric acid 
with water in towers. 

Lillie progress h.as lieen made during the year with the question 
of smoke and fume abatement. In the autumn session a Bill 
was introduced into Parlic.;., nt with the object of increasing 
the penalties imposed under former Public Health Acts, and for 
giving powers to the Minister of Health to make orders for the 
extension of the Alkali &c. Works Regulation Act 190C, where 
su*h extension should be Hoiusidercd desirable, but the dissolution 
of Parliament has killed that particular measure. 

Two now processes in connexion with the manufacture of 
sulphuric acid by the oxidation of the sulphur dioxide to trioxide 
by means of nitrous vitriol arc attracting considerable attention. 
One, a process devised by K. B. Quinau, which is said to have been 
worked on a commercial scale at the works of the Cape Explosives 
Co. in South Africa, consists of Glover tower, converter, and two 
Gay-Lussac towers, without any large leaden chambers usually 
associated with the manufacture of vitriol by the nitration method. 
The Glover and Gay-Lussac towers function as in an ordinary 
chamber plant, but the whole of the sulphur dioJide which passes 
the Glover tower is converted into trioxide and condensed in the 
converter, which consists of a vertical cylinder fitted with a 
number of horizontal diaphragms perforated wuth a large number 
of small holes. Each diaphragm is provided with overflow pipes 
set at a suitable height, and the gases ai*e forced by fan pressure 
sufficiently rapidly through the small perforations to maintain 
the setil on the diaphragms and a rapid ebullition of gas through 
the acid, producing intimate contact between the acid flowing 
down the tower and the sulphurous gases passing upwards. The 
converter is fed with nitrous vitriol of suitable strength^ and the 
principle involved appears to be very’rapid conversion of SOj to 
SO 3 by means of intimate contact between ample supplies of 
nitrous vitriol and the gas. The converter is from 7 to 9 feet in 
diameter and 10 feet high for a production of over 40 toi !8 of 
chamber acid per 24 hours. As far as the writer is aware this 
process has not been in operation outside the scope’of the works 
under the supervision of the ’inventor, but +he possibility of the 
rapid conversion of SO 3 to SO 3 by suitable intimate contact of 
the gas with nitrous vitriol is borne out by the success of the second 
process, that of T. Schmiedel.® The Schmiedel or “ splash-box ” 
process is designed to effect rapid conversion of the sulphur dioxide 

’E.P. 189,723; 1923, 95a. 

‘ E.P. 187,018; J., 1922, 982a. 
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contained in the gases under treatment to 'Sulphuric acid by 
rapidly circulating a large floating stock of ^nitrous vitriol through 
the apparatus, -while bringing it into intimate contact with gases 
containing the sulphur dioxide. The unit consists of four or more 
splash-boxes, which arc horizontal, rectangular, lead boxes pro¬ 
vided -with three rotating rollers each ; the acid in these boxes is 
maintained at a constant level by suitable overflows, and the 
rollers rotate so as just to dip into the acid and produce a fine 
curtain of acid spray through which the gases bearing sulphur 
dioxide must penetrate in order to pass through the box. The 
gas inlets and outlets arc at each end of the box and the rollers 
are placed at right angles to the flow of the gases. The plant can 
deal ndth cold gases of varying strengths and is easily ^aptable 
for intermittent working. The first hox acts as a denitrator for 
the acid, effecting some conversion of the sulphur gases as in a 
Glover tower; in the succeeding boxes the gases meet nitrous 
■vitriol of suitable strength for rapid conversion of the remaining _ 
sulphur dioxide, the acid overflowing from the boxes is passed 
through coolers and back into circulation, the acid “ make ’’ 
being drawn off from the first or denitrating box. Following the 
last box is a spray catcher followed by absorption towers for 
recovery of oxides of nitrogen, which towers are lower, and of 
relatively greatef sectional area than the usual type of Gay-Lussac 
tower. The first installation of this type of j'lant has been workhig 
for two years at Ausserfelden in Austria in connexion -with copjtcr 
matte converters belonging to the Mitterberger Kupfer A.-G., 
Salzburg, and has been dealing with gases varying in sulphur 
dioxide content from 0 lo 15% with production varying between 
0 to 10 tons of 142° Tw. acid per day, according to the sulphur 
material available. Through the kindness of Messrs. Huntin^on, 
Heberlein & Co. it is possible to state that licenses for the erection 
of this type of plant have now been granted to firms operating in 
Englandf Australia, France, Germany, Austria, Spain, and Japan ; 
the licence granted in EnglAnd is in connexion with the calcination 
of zinf blende, and results will doubtless be followed with very 
great interest. 

The nitration process for the manufacture of sulphuric acid is of 
such long standing that it might almost be concluded that all was 
known that jould be discovered, ye} the modem progress of first 
the Opt tower plant, then the reduction of chamber capacity by 
the Mihs-Tackard system of chambers, and latterly these two 
new methods, has shown that the rate of conversion of the sulphur 
dioxide to trioxide can be enormously speeded up by circulating 
sufficient acid to carry the nitre stocks necessary for conversion, 
and by bringing such nitrous acid into intimate contact with 
the eas. 
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HAI'NIUM.® 

The discovery of a nmv element to fill up one of the few remaining 
gaps m the periodic table of elements was announced by Jj. Coster 
and 0. Hevesy in the early part of the year. This element was 
name,d hafnium and filled the space belonging to the atomic 
number 72, a space formerly claimed, by Urbain and Dauvillier 
for a rare earth olemen* chilled ccltium. Coster and Hevesy 
isolated the new clement from zuoonium and found that it occurred 
in appreciable (piantities in aU the zirconium minerals they 
examined. Considerable .iiscussion has taken place in technical 
literature as to the claiips of priority of discovery, and as to 
whether the name finally accorded to the clement 72 shall 1ae 
hafi^um or celtium—a matter which the International Committee 
on the elements will have to decide. 

Ceoro Luhoe.'*’ 

The death of Georg Lunge on January 3rd, 1923, at the age of 
84, removed one whose, name has been closely associated with 
acids and alkalis for over half a century. His association with 
industrial chemistry and his classical text-book on the subject 
have made his name of world-wide repute. The ti^pt edition of his 
■■ iSulphuric Acid and Alkali ” appeared in 1879 ; this was revised 
and e.xtcndcd in subsequent editions, until, with the companion 
volumes on “ Coal Tar and Ammonia ” it extended to nine volumes. 
Many of the processes described in the earlier editions of his book 
have now become extinct, and it is a somcwjiat singular coincidence 
that in the year of his death there should appear an entirely new 
edition^of his work revised and brought up to date, which edition 
is being produced under the editorship of A. C. Gumming.^ The 
volumes of this edition are arranged so as to deal with the subjects 
treated in relation to separate branches of industry, ai^d from 
perusal of the three volumes already* published will maintain 
and, if jiossible, add to the value of the work. 

Sm James Dewar.*^ 

The. death at the age of 80 of Sir James Dewar remqvcd another 
scientific pillar of the last genpration, and one whosg name will 
always be associated with scientific progres.s of the last half 
century, more especially in relation to liquefaction of air and 
other gases. ^ 

» 67»em. and Iml, 1029, G7, 258, 704, 784, 884, 020. 

■" im., 1923, 78. 

■' im., 1923, 702, 1217 ; Amlyst, 1923, 510. 

“itiil., 1923, 326, 344. 
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Thk United Alkali Company.” 

The centenary was celebrated this year of the founding of the 
beginnings of this Company. James Muspratt commenced 
operations in Liverpool and worked the Leblanc soda process in 
1823, and this historic event has caused many to look back and 
review how the alkaU industry has groivn during the past cehlury. 
One might almost say that the mdustrial life of this country has 
grown out of the foundations of the heavy chemical industry. 
The event w'as marked by a diimcr given by the Company at 
Liverpool, on April 18th, when a large number gathered to offer 
their congratulations. The formation of the Company as known 
to-day took place in 1890, when a number of firms operating Vhe 
Leblanc proce.ss amalgamated at a time when the menace of the 
competition of the ammonia-soda process, and of the electrofytic 
process for the production of caustic soda, made it neces.sary to 
work the older process as economically and efiiciently as possible. 

Bul'nneb, Mono, and t\).” 

This year has also seen the celebration of tlie jubilee of the 
above company, the founders of the ammonia-soda jH’ocess for 
alkali manufacture in this country. The ammonia-soda i)rocoss 
has now quite Replaced the Leblanc proees.s for the manufacture 
of soda-ash, and is in its turn finding a serious rival in the elec¬ 
trolytic process of treating brine. 

Fixation op Nitkogen. 

Progress has been continued in the construction of the new 
plant of Synthetic Ammonia and Nitrates, Ltd., at Billingham, 
and it is hoped that at an early date the production stage will be 
reached. This plant has been erected after agreement with the 
Government to manufacture nitrogen products from the air on 
the lines of the Haber process. In the first instance, the main 
product will be ammonium sulphate, but later on it is exjiected 
that other nitrogen products will be produced. 

The British Cyanides Co., Oldbury, is just completmg the 
installation of the first unit for the fixation of nitrogen in the form 
of cyanide, which, if successful, will be rapidly followed up by 
additional qnits. , 

In France the position of the nitrogen industry has been engaging 
serious attention during the year.*® Production still remains 
round about 19,000 tons of nitrogen per annum, whereas agri¬ 
cultural consumption alone has increased to roughly 110,000 tons. 

» 6W and Ind., 1993, 27, 383, 393, 415, 487. 

''im., 1923, 075. 
im.. 1923, 228, 001. 
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Agreements have been concluded with the Badische Anilin und 
Soda Fabrik to work,the Haber process and to produce by this 
method up to 100 metric tons of fixed nitrogen per day. The 
Claude process at Monterau is now producing 5 tons of Ammonia 
per day, and at Bethune a large plant has been installed to 
utiliilb the gases from the crkc-ovens there, while the Cie. des 
Produits Chimique d’Alais is installing plant to exploit the Casale 
process, which has been favoif,., uly reported upon by the Director 
of the Service des Poudres. 

In Spain,^® at Fli\ (Trrragona), a factory is being erected to 
produce 1000 kg. of ammonia daily by the Claude process, the 
hySrogen to be derived from an adjacent electrolytic soda plant. 

Various improvements have taken place during the year in the 
several processes, but these have been mainly in working details, 
and no radical change has taken place. G. Claude*’ patents the 
preliminary heating of the reaction gases rip to the reaction tem¬ 
perature. K. P. McElroy*® patents a method of fixation as 
cyanide, by arranging to draw off a portion of the hot gases from 
the reaction blast furnace near the fusion zone, and bringing these 
gases carrying cyanide vapour in contact with alkali and carbon 
in the presence of highly absorptive charcoal at a high temperature ; 
molten cyanide is maintained in the bottom of •the furnace and 
run off from time to time as it accumulates. 

F. C. Dyche-Teague, A. Wilsou-Hughes, and F. J. Commin*® 
produce a reactive mass for the production of cyanide, by mixing 
carbon, soda ash, and iron oxide, and treating the mixture with 
an oil emulsified with sodium rosinate. The product is dried and 
granulated and then passed through a furnace at 900°-1050° C. 
in a current of nitrogen. The reactive mass is occasionally treated 
with superheated steam, which tends to make it more active, and 
it is found that a small percentage of hydrogen in the nitrogen 
increases the amount of alkali converted into cyanide. W^Steger®* 
adds further supplies of reaction mixture direct into the reaction 
zone of the blast furnace through the blast inlets. , 

B. Waeser** has published a treatise on the nitrogen industry,, 
as also have J. R. Partington and L. H. Parker.’^ These wftrks 
bring into text-book form much that was formerly only available 
after search amongst specifications of patents itnd technical 
papers, and in the latter book extensive use is made of the Nitrogen 

“ Clum. and Inti., 1923, 624, 752. 

”E.P. 171,972 ; J., 1923, 64a. 

E.P. i!11,765 : J., 1923, 302a. 

>* E.P. 192,791 ; J., 1923, 353a. 

=« O.P. 364,689 ; J., 1923, 363a. 
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Products Committee Report. E. Kilbum Scott®® in the Cantor 
lectures before the Royal Society of Arts gave a valuable resumi 
of nitrogen fixation methods and explained' in detail the Kilbum 
Scott and Nitrum arc furnaces. 

The process devised by G. Fausser®® has recently been applied 
on an mdustrial scale at Novara in Italy. This process is for the 
production of synthetic ammonia and somewhat resembles the 
Haber process. The hydrogen is -produced by electrolysis in 
cells specially designed to avoid danger of explosion. The mixed 
gases are pa.ssed over the catalyst at a pressure of 300 atmospheres, 
and any ammonia not liquefied is absorbed in water, this aqueous 
solution being used to lubricate the compressor. An oxidation 
plant of Frank and Caro, yielding 10 tons of nitric acid per day, 
is attached, and the residual gases from this plant contauJng 
little oxygen and much nitrogen are burnt with the necessary 
quantity of hydrogen, by means of platinised asbe.stos, so as to 
remove the oxygen as water, and jnoduce an almost pure nitrogen 
gas for use in the main synthetic plant. This method of producing 
nitrogen would appear to be well worthy of consideration at other 
plants where the main output required is nitric acid or nitrates. 

Ammonium Compounds. 

R. A. Mott and H. J. Hodsraan®® published results of work done 
on the dissociation of ammonia in the presence of coal gas, and 
also the influence of water vapour and various contact materials at 
high temperatures. In a previous communication®® possible 
oxidation of ammonia in crude coal gas by indrawn air was con¬ 
sidered to be neghgible, ab preferential combination of the hydrogen 
present with such oxygen took place, and in presence of air oxida¬ 
tion of ammonia was retarded by the presence of water vapour. 
The experiments were only conducted up to temperatures of 
about 800° C., while these later experiments have been taken to 
higher rithges. Generally the results obtained confirmed the 
work of G. E. Foxwell,®® except that the authors find that the 
velocity of decomposition increases fairly rapidly with rise of 
temperature. Firebrick material “ chattered ” by the action of 
salt'vapours in a coke oven proved an active catalyst, and the 
catalytic activity of brick material was found to depend on the 
proportion and condition of the iron present. 

Further progress has been made Und experience gained in the 
production of neutral, dry ammonium sulphate. This product 
^(jhem. and Ind., 1929, 498. 
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has now established itself as the permanent high-grade commercial 
article, and, in spite of minor diflSculties of dust and caking in 
certain instances, has generally giyen satisfaction and has assisted 
in maintaining a brisk export trade in this commodity during the 
year. 

G. J?.oyBton^® patents a method of neutralising the wet sulphate, 
after having been discharged from the saturator, in a closed lead 
box, by injecting ammcnia ' pours drawn from the still gases 
through the wet salt. The process is good from the point of view 
of neutralisation, but does not provide for drying the salt after 
centrifuging, and neutralisation of much mother liquor must take 
plaje along with the salt Also, as worked so far, the escape^ of 
steam may bo objectionable in carrying off into the atmosphere 
impurities associated with the ammonia in the still gases, and 
possibly excess of ammonia which may be lost. The variation in 
the pressure of the saturator, when such still gases are being 
. drawn off to the neutraliser, may also lead to rock salt troubles. 

• R. P. Douglas^* utilises the still gases for neutralising the wet 
sulphate, but first cools and purifies the ammonia by passage 
through a condenser and purifier. 

G. A. Phillipson®“dries and neutralises the crude salt in a vertical 
cylindrical apparatus provided with hollow trays and rotating 
scrapers which pass the salt from one tray to another, steam or 
hot air being supplied to the hollow portion of the trays, and 
ammonia with hot air or other gas being passed through the 
cylinder. 

A. H. Thwaite and Pease and Partners, Ltd.,” treat the moist 
acid salt in a steam-jacketed drying cylinder provided with an 
Archimedean screw mounted on a hollow shaft having perfora¬ 
tions, through which the neutralising ammonia gases flow, and 
come in direct contact with the salt. 

G. Weyman®® claims that the neutral salt after leaving the 
centrifugal can be dried without application of external heat if 
efficient contact with air while the salt is hot is provided for. The 
salt is elevated and dropped over a screen, from which it falb in a 
fine shower into light heaps on the store-room floor. The screen 
may be mechanically agitated and provided with crushing devices 
for breaking up lumps. 

T. Lewis Bailey’’’gives further consideration to the working 
conditions in regard to extraction of phenols from .the effluent 

®*E.P. 188,587 ; J., 1923, 54a. 

E.P. 194,625 ; J., 1923, 400a. 

“E.P. 186,115; J., 1923, 549a. 

» E.P. 203,013 ; J., 1923, 1069a. 

“ E.P. 205,301 ; J., 1923, 1222a. 
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Products Committee Report. E. Kilbum Scott®® in the Cantor 
lectures before the Royal Society of Arts gave a valuable resumi 
of nitrogen fixation methods and explained' in detail the Kilbum 
Scott and Nitrum arc furnaces. 

The process devised by G. Fausser®® has recently been applied 
on an mdustrial scale at Novara in Italy. This process is for the 
production of synthetic ammonia and somewhat resembles the 
Haber process. The hydrogen is -produced by electrolysis in 
cells specially designed to avoid danger of explosion. The mixed 
gases are pa.ssed over the catalyst at a pressure of 300 atmospheres, 
and any ammonia not liquefied is absorbed in water, this aqueous 
solution being used to lubricate the compressor. An oxidation 
plant of Frank and Caro, yielding 10 tons of nitric acid per day, 
is attached, and the residual gases from this plant contauJng 
little oxygen and much nitrogen are burnt with the necessary 
quantity of hydrogen, by means of platinised asbe.stos, so as to 
remove the oxygen as water, and jnoduce an almost pure nitrogen 
gas for use in the main synthetic plant. This method of producing 
nitrogen would appear to be well worthy of consideration at other 
plants where the main output required is nitric acid or nitrates. 

Ammonium Compounds. 

R. A. Mott and H. J. Hodsraan®® published results of work done 
on the dissociation of ammonia in the presence of coal gas, and 
also the influence of water vapour and various contact materials at 
high temperatures. In a previous communication®® possible 
oxidation of ammonia in crude coal gas by indrawn air was con¬ 
sidered to be neghgible, ab preferential combination of the hydrogen 
present with such oxygen took place, and in presence of air oxida¬ 
tion of ammonia was retarded by the presence of water vapour. 
The experiments were only conducted up to temperatures of 
about 800° C., while these later experiments have been taken to 
higher rithges. Generally the results obtained confirmed the 
work of G. E. Foxwell,®® except that the authors find that the 
velocity of decomposition increases fairly rapidly with rise of 
temperature. Firebrick material “ chattered ” by the action of 
salt'vapours in a coke oven proved an active catalyst, and the 
catalytic activity of brick material was found to depend on the 
proportion and condition of the iron present. 

Further progress has been made Und experience gained in the 
production of neutral, dry ammonium sulphate. This product 
^(jhem. and Ind., 1929, 498. 
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H. W. Wi.'bb irtul M. Taylor®’ have exaiuiued Uiu at’curacy of 
tiu' nitrometer method for determination of nitrogen in nitrates 
and nitric aeid, and^ournl that when !)l-y2% sulphuric acid is, 
employed the correction of 0’35 e.e. of nitric oxide ])er 40 c.c. of 
sulphuric acid, as given hy Ijuiige, is too high, and should be only 
0-2() c.c. liioy also found that, with rea.sonablc care as to loss of 
fume etc., nitronnder tests were fairly accurate both ivith nitric 
acid and nitrates. 

H. W. Wclib®** 1ms pid)lished a book on the “ Absorptionof Nitrous 
Gases,” which has collected together in text-book form much of 
the research and cxpiuience gained at the Government Factories. 

i*. Pascal and Garniw"' have investigated the properties of 
mixtures of nitric and sulphuric acids in relation to specific gravity, 
specific Iieat, and distillation, and their action on aluminium, 
steel, and lead, and have recorded data which should be extremely 
useful to the chemist dealing with the manufacture of explosives. 

Bokic Acid. 

'liie production of boric acid from volcanic steam in Tu.seany“ 
has opened up a further source of supjily of this commodity. The 
steam is tapped by means of bore-holes and issues at temperatures 
of 120''’~130° (!. It is then condensed in boileig which generate 
steam for the production of electricity supplied to neighbouring 
tow'ns. The condensed natural steam is evaporated in shallow 
lead-lined troughs by means of the partially exhausted steam, and 
from the concentrated liquors crude boric acid is deposited. The 
industry is still in its infancy, but an output of 10 tons a day of 
boric acid has been reached at the works at CastelnuoAm. 

Hydrogem Ion Concente.ation. 

The modern method of investigation of dilute solutions by 
determining the hydrogen ion concentration has received further 
attention, and methods have been worked out for titration of 
salts which ionise in solution with electrometric control. .J. W. 
Shipley and I. R. McHaffic" have determined the limits of 
hydrogen ion concentration in relation to carbon dioxide, caKium 
carbonate, and calcium sulphate. The same authors®® have also 
determined the solubility and hydrolysis for saturated solutions 
of calcium carbonate. W. Mansfied Clark ®® has ‘published a 

"X, 1922, 362t. 
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second edition of a text-book on determination-of hydrogen ions* 
The study of the hydrolysis of dilute solutions is coming more and 
more into prominence, and questions such as the corrosion of iron 
and the suitability or otherwise of certain water supplies for 
industrial purposes arc being dealt with along these lines. 

HYDBoaEB Peeoxidb. 

The extension of the use of hydrogen peroxide in the bleaching 
of textile and other products is dealt with by J.K. Weber,** who 
gives evidence that in certain cases this method of bleaching is 
becoming an economic proposition, especially in such cases where 
the" ordinary hypochlorite method might endanger the fabric'.' 

I 

Liquid Air. 

This article is becoming of rapidly increasing importance in 
connexion with the fixation of nitrogen, in addition to being tho 
main source of the oxygen now so largely in use in many directions. 
E. Fyleman*'’ gave a valuable paper on the explosions which have 
occurred in liquid air rectification plant; these explosions have 
been at times of a very serious nature, involving loss of fife. The 
paper set forth the results of an investigation into the cause of 
these troubles aifll created a very useful discussion of the problem. 
It was found that the chief cause of the trouble was acetylene, 
which was formed by tho action of the compressed air on the 
lubricating oil of the air-compressor; the acetylene was so stable 
at the temperature of the liquid oxygen bath that it accumulated 
there. The action on the lubricating oil was found to take place at 
fairly high temperatures, so that the keeping of valves and other 
portions of the compressors cool, and employing suitable,lubri¬ 
cating oil of high flash-point, and the banning of carbide in any 
form from the neighbourhood of the plant proved to be a sufficient 
safeguard against the occurrence of such explosions. A. E. 
Malpas *® referred to the adoption of the precaution of running off 
a smajl portion of the liquid oxygen every hour from the receiver 
where the solid acetylene was trapped; in this way in the Nor¬ 
wegian plants the accumulation of acetylene was avoided and all 
risk of explosion done away with. 

'■ Magnesium Chloride. 

P. Cottringer and W. R. Collins*’ produce anhydrous magne¬ 
sium chloride by heating the dry powdered oxide in a current of 

* Chem. Tr. J., 1923, 615. 
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dry hydrogen chloride gas at a temperatnre of 430°-550° C., any 
excess of hydrochloric acid gas being dried with concentrated 
sulphuric acid and used over again. 0. H. Weber and P.Siedler*® 
heat mixtures of ammonium chloride and hydrated magnesium 
chloride to produce anhydrous magnesium chloride. B. S. 
Kirkpatrick and F. S. Morgan^® propose to produce anhydrous, 
metallic chlorides by Ecting i.pon a suitable alloy of the metal 
with chlorine gas, the alloy being in a molten state. 

Ozone. 

E. Hartman,in the course of a valuable rhumA of'the 
present position of the industrial application of ozone, describes 
th^methods of manufactm'e in ozonisers of the non-dielectric and 
dielectric types. Experimental data are given of the action of 
ozonised air in accelerating the drying of varnishes, the bleaching 
of oils, and in the oxidation and drying of linseed oil. The use 
of ozone in the preparation and preservation of foodstuffs and in 
the prevention of moulds is referred to, and indications are given 
of the possibility of the many and varied industries to which it 
can be applied. 


Potassium and Sodium Salts? 

That the world’s future requirements of potash arc well assured 
for some hundreds of years appears to be the outcome of the 
year’s progress in regard to this important commodity. The 
output of potash from Alsace^i reaohe4 the enormous figure of 
1,326,727 tons in 1922, as compared with 903,134 tons in 1921, 
1,222,370 tons in 1920, and 592,365 tons in 1919. In Czecho¬ 
slovakia®* large deposits of potash have been discovered, estimated 
to contain millions of tons. In Italy®* methods have been worked 
out for bringing into commercial utility the potsish contained in 
leucite, a mineral occurring in very Jarge quantities among the 
lavas of the Italian volcanoes. The development of the potash 
industry from leucite has been due to Baron Blanc, whef, after 
overcoming considerable opposition and difficulties, has brqjight 
the processes to a state of commercial utility. The pure mineral 
contains 21-5% of potash in the form of a double silicate of 
potassium and aluminium, and it is calculated that over the whole 
range of the Italian volcanoes the leucitic lavas contain at least 
8,786,000,000 metric tons of potash, making them the greatest 
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accumulation of potash silica rooks known. Three methods have 
been worked out for recovery of the potath; in each ease the 
mineral after mining is crushed to a convenient size. In the fist 
process the mineral is treated with sulphuric acid, which dissolves 
out the potash and alumina, jnoducing a potash alum. In the 
second method the bed of crushed leucite is treated with chloride 
mother liquors and hydrochloric acid gas. which dissolves out 
the pota.sh and alumina as mixei chlorides; the jwtassium 
chloride is crystallised out on cooling, while hydrated aluminium 
chloride is throwir down by further treatment of the cold liquor 
with hydrochloric acid gas, the residual mother liquor being 
usoil again for furtber trcatinent of leucite. The third metliod 
consists in treating the leucite with slaked lime in autoclaves 
for three hours at pressures of about 200 lb. to the square inch; 
the liquid produced is used in the similar treatment of further 
batches of leucite until ultimately a 12% solution of caustic potash 
is obtained. The residue from the autoclaves has been found to 
make an excellent cement. 

When one looks back to the serious ditliculties experienced by 
the Allies during the (ireat War in obtaining adequate supplies of 
potash materials, thesi; huge supplies now available, at present- 
day commercial prices, are yet another indication of the magician's 
wand which the chemical industry has so often wielded for the 
good of mankind. 

The British Cyanides Co. is now manufacturing potassium 
permanganate by electrolysis, a new industry for this country. 

J. W. Turrentine, H. G. Tanner, and P. S. Shoaff®^* describe a 
method of producing potassium chloride from kelp brine, with 
recovery of iodine, and of sodium chloride of sufficient purity for 
table use. 

M. M. Green''* gives a method of determination of potassium in 
acid-uiso’uble silicates, which depends on the assumption that all 
metals except potas ium*' form perchlorates soluble in 97% 
alcohol. The method requires only 2-3 hours, and is said to be 
reliable to :!:0-2%. 

R Hubert*® discusses the various methods of determining 
potash and describes a method of Przibylla in which the solution 
is shaken with an excess of sodium bitartrate solution, at a main¬ 
tained temperature of 18° C.; the mixture is then filtered, and 
the filtered solution titrated either with A/10 sodium carbonate, or 
with A./10 sodium hydroxide, using rosolic acid as indicator. 
The potassium content is then read off from table,s or curves 

« j., It-Kag. 67«hi., 1928, 35,159 ; J., 1923, 30(h. 

*•/.. 19231123,15, 153 ; J., 1923, 307a. 

"TJ.S.P. l,4l Ind. MuViousc, 1922, 88, 500; ••Inii. Cliim. Amlyl., 1023, 
2a, 181 a. 
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constructed from results obtained from standard preparations. 
This latter method is sjid to take 40 minutes and to be accurate 
to 0-3% KjO. 

A new process for the manufacture of sodium thiosulpfiatc has 
been described by L. Hargreaves and A. C. Duniiingham.®® The 
process consists in producing i,he reaction between sodium sulphite 
and sulphur at such concentrations that the interaction is rapidly 
increased, and a eoncentratea solution of the thiosulphate formed 
in which any excess of sodium sulphite is practically insoluble. It 
was found that this could be done in a digester provided with 
a mechanical agitator, into which solid sulphite and sulphur 
are’introduced along with the requisite quantity of water. The 
addition of further quantities of the solid reagents arc made from 
time* to time, and the concentrated solution of thiosulphate is 
drawn off through heated vacuum filters and receivers, and passed 
to erystalliscrs from whence the mother liquor is returned to the 
^ digester. In this way costs of evaporation of hulky solutions arc 
eliminated and a considerable output is obtained from a plant of 
comparatively small size. When supplies of cheap sulphite were 
not available the authors found that by treating sodium oarboirate 
and sulphur m a preliminary tower with sulphur dioxide, and 
ruiming the product into the digester, an equally satisfactory 
process could be worked out on similar lines. Frothing troubles 
which were expected, due to the evolution of the carbon dioxide, 
were overcome by means .of a special form of froth destroyer inter¬ 
posed between the tower and digester. The process seems to be 
distinctly good and should ]>rove to be economical m working and 
easily elastic as to output. 

E. W. Merriman^’ has pointed out that sodium hydrosulphite 
(Na 2 S 204 ) is coming more and more into use in industrial processes. 
In addition to its use in vat dyeing it may be used for the deter¬ 
mination of oxygen in gases, the removal of oxygen from gases 
for technical purposes, determination of nitro-compounds and 
dyestuffs, the manufacture of dyestuffs, intermediate products, 
and drugs, and the bleaching of a variety of materials. I* has 
become increasingly necessary to discover a convenient and 
reliable method of determining the hydrosulphide value of a 
given sample; the indigo-carmine method is suitable for vat 
dyers who require to examine the material every day, but the 
apparatus required is complicated and a supply of 11)0% indigo 
must be available. The author describes a method of analysis 
dependent upon the action of iodine on the products formed 
when sodiunl hydrosulphite is dissolved in a solution containing 
excess of formaldehyde. Iodine is added in excess and titrated 

‘“J., 1923, 147t. 

" Chern. and Ind., 1923, 290. 
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back with standard sodium thiosulphate solution, using starch as 
an indicator. Messrs. Brotherton and Co., ,Iitd.,^* have published 
a method for determining sodium hydrosulphite which is dependent 
upon the reaction occurring with mixtures of potassium iodatc 
and potassium iodide aecording to the equation:— 

3Nu2S.(),+4KI0j+2KI = 3IH-3N.IjS 04H aKjSO, 

Excess of thiosulphate is added ,and titration effected with 
standard NjlO iodine solution. Both these processes are un¬ 
affected by admission of oxygen, and with reasonable experimental 
care should prove useful and reliable methods. 

J. B. Firth and J. Higson“® have i^fvestigated the actioi^ of 
sodium hydrosulphite on silver chloride, hoth in the solid state 
and dis.solved in thiosulphate solution, and in ammoniacal solution. 
When the silver chloride is dissolved in thiosulphate a theoretical 
recovery of the silver is effected as sulphide, w’hen in ammonia 
as metallic silver, and it is suggested that recovery of silver from , 
silver chloride residues might be eonveidently effected by these • 
means. 

P. Pascal and Ero™ have .studied the solubility and melting 
points of mixtures of sodium sulphate and sulphuric acid, and 
have investigated the possibilities of recovering the acid from 
such mixtures by retrigeration or by deposition of the mixed 
sulphates from more concentrated solutions. 

Sulphur .4nd Sulphubic Acin. 

In the report for last,year attention was drawn to the fact that 
sulphur as a raw material for the manufacture of sulphuric acid 
had almost replaced imported pyrites in America, and that in other 
countries the use of sulphur in place of pyrites was purely an 
economic question. In the early part of this year an agreement 
was ma^e between the producers of sulphur in Italy and America® 
which fixed prices and allocated markets so that the industry in 
both areas should be maintained, and the world’s requirements of 
sulphur be met without either interest being killed. The Frasch 
prqcess had given the American producer such an enormous 
advantage in cost of production, from supplies which appear to be 
inexhaustible, that there had been a serious danger of the Sicilian 
industry being abandoned, and although one always has the fear 
that combmes of producers may militate against the buyer, yet 
the maintenance of the sulphur industry in both parts of the world 
should in the end be to the advantage of the consumer. During 

“ CItem. and Ind., 1923, 1131. 

J., 1923, 427t. 

“ Mim. Pmdren, 1923, 20, 1 : J., 1923, 053a. 
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the year a further increase in the consumption of sulphur as a raw 
material for acid raasufacture in the United Kingdom has to be 
recorded, and the appended table sets out the approximate amounts 
of p 3 Tites, spent oxide, and sulphur so consumed:— 


Raw^materiiUs mmurtKd for ackl manufaolure m Great Britain and Ireland. 
Louj tons. 


Year 

Pyrites. 

Spent oxide. 

Sulphtir. 

1920 

086,000 

139,000 

6,000 

1921 

318,000 

103,000 

8,000 

19t2 

1,000 

157,000 

30,000 • 

(estimate) 

f 

348,000 

145,000 

66,000 


During the past year rather more acid has been made from the 
gases given off in the calcination of zinc blende in Great Britain, 
r and it is estimated that acid so produced during 1923 will represent 
some 27,000-28,000 tons as 100% acid, as compared with 17,000- 
18,000 tons during 1922. Such increased output has all been 
obtained from plant formerly in existence, and no real development 
has occurred during the year; arrangements are, however, being 
made for starting up calcincrs in connexion with t|je former Govern¬ 
ment plant at Avonmouth, so that possibly the year 1924 may see 
important developments in this direction. 

The advent of some simple .and inexpensive process for the 
conversion of these spelter gases into acid would alter the whole 
complexion of the problem, and it is possible that a process, such 
as that of Schmiedel, described earher, may alter the whole position 
of acid manufacture in this country. 

C. t)pl®^ has described a modification of the tower system of 
acid manufacture in which the nitration of the sulphur gases takes 
place in iron vessels half filled with nitrous vitriol. There are six 
of such vessels placed in scries; denitration takes place in the., 
first of these and nitration in the remaining five, the residual 
gases being passed through a coke-packed tower. The Sulphur 
gases are cooled and forced through the reaction vessels, and it 
is stated that results are comparable with those obtained in the 
original tower system. 

H. Petersen®’ suggests passing gases bearing sulphur dioxide 
through a series of lead boxes packed with broken quartz through 
which nitrous vitriol is passed on the counter-current principle 
Both these suggestions appear to have insufficient provision Iot 
the necessary time contact to effect complete nitration of the , 
sulphur dioxide gases along with simultaneous revivification of 

Chem.-ZeU., 1923, 47, 485 ; J., 1923, 713a, 

•* 2Wd.. 1923, 47, 227 ; J., 1923, 398a. 
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back with standard sodium thiosulphate solution, using starch as 
an indicator. Messrs. Brotherton and Co., ,Iitd.,^* have published 
a method for determining sodium hydrosulphite which is dependent 
upon the reaction occurring with mixtures of potassium iodatc 
and potassium iodide aecording to the equation:— 

3Nu2S.(),+4KI0j+2KI = 3IH-3N.IjS 04H aKjSO, 

Excess of thiosulphate is added ,and titration effected with 
standard NjlO iodine solution. Both these processes are un¬ 
affected by admission of oxygen, and with reasonable experimental 
care should prove useful and reliable methods. 

J. B. Firth and J. Higson“® have i^fvestigated the actioi^ of 
sodium hydrosulphite on silver chloride, hoth in the solid state 
and dis.solved in thiosulphate solution, and in ammoniacal solution. 
When the silver chloride is dissolved in thiosulphate a theoretical 
recovery of the silver is effected as sulphide, w’hen in ammonia 
as metallic silver, and it is suggested that recovery of silver from , 
silver chloride residues might be eonveidently effected by these • 
means. 

P. Pascal and Ero™ have .studied the solubility and melting 
points of mixtures of sodium sulphate and sulphuric acid, and 
have investigated the possibilities of recovering the acid from 
such mixtures by retrigeration or by deposition of the mixed 
sulphates from more concentrated solutions. 

Sulphur .4nd Sulphubic Acin. 

In the report for last,year attention was drawn to the fact that 
sulphur as a raw material for the manufacture of sulphuric acid 
had almost replaced imported pyrites in America, and that in other 
countries the use of sulphur in place of pyrites was purely an 
economic question. In the early part of this year an agreement 
was ma^e between the producers of sulphur in Italy and America® 
which fixed prices and allocated markets so that the industry in 
both areas should be maintained, and the world’s requirements of 
sulphur be met without either interest being killed. The Frasch 
prqcess had given the American producer such an enormous 
advantage in cost of production, from supplies which appear to be 
inexhaustible, that there had been a serious danger of the Sicilian 
industry being abandoned, and although one always has the fear 
that combmes of producers may militate against the buyer, yet 
the maintenance of the sulphur industry in both parts of the world 
should in the end be to the advantage of the consumer. During 

“ CItem. and Ind., 1923, 1131. 

J., 1923, 427t. 
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to be of such a sinall size that they adhere to the surface of the 
cleaned plate, thus foiming a protective coating against further 
corrosion by the acid. 

J. M. Taylor™ gave a useful paper on the determinhtion of 
sulphui’ in pyrites and in certain other sulphur compounds; dis- 
crepahoics in results in sulphur determinations are always liable to 
occur in the hands of dilTercnt onerators, and the more the methods 
adopted can be standardrsed less will be the likelihood of such 
disagreements. 

Rex b’urness’^ has reviewed the preferential oxidation of hydrogen 
sulphide in the presence of catalysts, including the purification of 
fuef gases with iictivated charcoal at ordinary air temj)cratures, 
and the hot purification method as adopted in the Claus kiln. 
WitB activated charcoal the sulphur formed is recovered by suitable 
solvents such as carbon disulphide, but so far it is doubtful if 
the process can economically replace the iron oxide method of 
. purification. That there was considerable scope for further 
progress on these lines was indicated, as methods for direct recovery 
of the sulphur by suitable catalysts might be both economical in 
operation and possibly profitable. 

In certain cases the reverse reaction, namely the reduction of 
sulphur dioxide to hydrogen sulphide or sul^jhur, would be 
extremely useful, especially if this could be done w ith gases in which 
the sulphur dioxide content was variable or low’. Some investi¬ 
gations have been canied out on this interesting problem. 

M. Ci. Tomkinson™ reduces sulphur dioxide by passing the gas 
mixed with hydrogen over finely divided nickel or nickel sulphide 
at 400°-450“ C. B. C. Stuer’* passes sulphur dioxide along with a 
reducing gas over hydrated iron oxide, or hydrated oxides of 
ehromtum or aluminium and also hydrated silica. B. Rassow and 
K. Hoffmann’^ have mvestigated the production of carbon disul¬ 
phide from sulphur dioxide and heated charcoal. So far there is 
no information that any of these attempts has met with •practical 
success. 

P. W. Edwards ’’’ describes explosion troubles in the preparation 
of finely divided sulphur for use as an insecticide. The sulphur is 
prepared by spraying polysulphide solution into hot furnace gsScs, 
and coUeeting the fine sulphur in bag filters. It was found that a 
high electrostatic charge accumulated on the bags which probably 
gave rise to the fires and explo'sions, and earthing of file bags with 
a material such as aluminium, brass, lead, or steel is recommended. 

192^, 294t. 
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Zirconium. 

The industrial application of the oxide of v'his metal has attracted 
further attention, and various methods have been suggested for 
preparation of the oxide from the mineral. H. von Siemens and 
H. Zander’® prepare ])ure oxide by passing a stream of cb'orine 
over a mixture of Brazilian zirconia with 25% of charcoal heated to 
a temperature above 1000° C.; crystalline ZiOCl^ is obtained, which 
is further purified and then ignited in air to produce pure oxide. 
F. G. Jackson and L. 1. Shaw” fu.so zirooria with a mixture of 
borax and sodium carbonate, dissolve the metals as chlorides, 
and then treat the dissolved chlorides with sulphuric acid to 
obtain the basic sulphate of zirconium and titanium. This process 
is said to be slow and tedious but eflicient for removmg hon, 
alumina, and silica. J. W. Bain and G. E. Gollop’® digest zirkite 
with concentrated sulphuiie acid and dilute the extract with 
water. The solution of basic sulphate is treated with calcium 
carbonate or chloride, and the calcium sulphate filtered off, the 
filtrate considerably diluted, and the preciintate filtered, washed 
and ignited. L. E. Barton and C. J. Kinzie’* heat the mmcral 
with an alkali bisulphaic, the resultant product being lixiviated. 
0. Kufl®“ heats the ore with the requisite quantity of an alkali 
carbonate, the irsoluble zirconium compounds thus produced being 
dissolved in acid. 

Wifs. Yemjjmtl. Hkmcn-s Koitzcm, 1922, 2, 484 ; J., 1923, 143a. 

~J. Amer. Chem. Hoc., 1922, 44, 2712; J., 1923, 182a. 

'‘Canad. Chem. arid Ma., 1923, 7, 35 ; J., 1923, 351a. 
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GLASS. 

By E. A. Coad-Pbyor, 

United, O’ass U'^tUe Manufacturers. 

Though it cannot be said that the glass industry, during the year 
under review, has recovered from the grave depression which has 
prevailed in this country since 1920, there are unmistakable signs 
thai the worst times hav( passed, and we may expect in the near 
future a revival in most branches of the trade and a concomitant 
incraase in the activities of the glass technologist. 

In the past year there has boon a marked improvement in the 
general quality of both scientific glassware and glass containers. 
An interesting feature of the chemical glassware industry is the 
tendency on the part of some manufacturers to concentrate on the 
production of glasses of a higher thermal endurance and mechanical 
strength than were formerly manufactured in this country. This 
entails a sacrifice of some desirable chemical properties,-notably 
the exceptional resistance to the action of alkalis, a property- 
which characterised English chemical glassware frcTm 1916 to 1921. 
In the opinion of those makers of chemical glassware who have 
modified their formulm on these lines, the average chemist will 
prefer to work with glassware with which he can take risks in 
heating and cooling, as compared to a glass which is inclined to be 
brittle, even though the latter glass is less Sbluhle in his reagents. 

There appears to be a growing demand on the part of users of 
glass containers of all descriptions for colourless or “ flint ” glass, 
and at the present time many bottle manufacturers are producing 
from tanks bottles equal in colour and brilliance to those formerly 
made from pot metal. Three years ago six samples selected from 
the best bottles and jars then obtainabife (made in tank fumqces) 
showed an average iron content of 0-13% FejO,. A similat tost 
made recently showed an average iron content of 0-08% FcjOj. 

The general improvement in quality is due partly to the growing ’ 
recognition of the importance of technical control and to the 
absorption into the industry of technically trained men, and 
partly to the activities of the Glass Research Association and the 
Department of Glass Technology at Sheffield University. 

The details of the work of the Research Association are not 
disclosed, bvrt certain information is available. Investigations 
have been carried out at the National Physical Laboratory and at 
Sheffield University on behalf of the Association and also at the 
Association’s Laboratories in Bedford Square. 
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Tlic fuiidauii'nlal problem of tlio dolerminatioii of tho viscosity 
of glasses covering tho whole range of temperatures encountered in 
glass manufacture is being undertaken at* the National Physical 
Laboratory, while at Sheffield University among the investigations 
conducted have been the function of arsenic in glass, the influence 
of water, chlorides, and sulphates on the properties of glass, and 
at the Laboratories of the Research Association investigations on 
the electrical conductivity of glassci! have been carried out. It is 
unfortunate in the interests of tho advancement of glass technology 
that the work of the Research Association cannot be published, but 
this appears to be one of tho insuparablc drawbacks which must 
alji'ays be associated with tho formation of Research Associations. 
A considerable portion of the work of the Association comes under 
the category of factory investigations, and it is to this work largely 
that we may look for the general improvement in the technology 
of the industry. 

This year, as in previous years, we find that the Department of • 
Glass Technology at Sheffield is responsible for many valuable* 
contributions to our knowledge of glass, m spite of the fact that 
the time of many of tho members of the staff was occupied largely 
by work on behalf of the Glass Research Association. 

A number of papers on the manffiacture and properties of some 
glasses contaiuilig boric oxide are given in the March and June 
nnral)ers of the Journal of the Society of Glass Technology, the 
papers bearing the names of W. E. S. I'tirner, V. Dimbleby, S. 
English, P. W. Hodkin, and M. Parkin.^ 

Three series of melts were made in 28-lb. covered pots, a melting 
temperature of 1400° Cf l>eing adopted. Simple glasses containing 
only sodium oxide, boric oxide, and silica were made, tho first 
series containing 20% of sodium oxide, tho boric oxide content 
varying from 0 to 45%. In the second series tho sodium oxide 
was maintained at 10%, the boric oxide varying from 15 to 50%, 
and in fSie last series the sodium oxide content w'as the boric 
oxidp varying from 20 to *45%. 

In.theso series no evidence ^of the segregation of glasses into 
immiscible layers of differing composition, as has been suggested 
by* earlier w'orkers, was observed. The specific gravity and 
refractive index of samples were taken from different depths in the 
pot to corroborate this. 

With a oonstant sodium oxide "content the time required for 
melting decreased rapidly as the silica was replaced by boric oxide. 
The authors observed, however, that with these glasses the time 
required for melting is reduced by the substitution of sodium 
oxide for boric oxide if the silica is unchanged ; thus a glass 
containing SiOj 75%, NajO 10%, 15% required seven hours 

> J. 80c. Glam, TecJ,., 1923, 7, 57, 73, 78 ; J., 1923, 651a. 



OIiASS. 


207 


(0 moll, wliilo u glass of tlio composition SiO^ 75%, NojO 20%, 
BjOj 5% molted in H hours. This is contrary to the general 
opinion held in the ^ass house, the opinion lioing that borax is 
more potent as a “ flux ” than is sodium oxide. This ii« fact is 
])robably the case with certain compositions outside the range 
eovoycd by those pnj)ors. 

During the melting process it was found that some of the glasses 
showed a tendency to fc.rni i> .aim in the pot and in some cases 
stones appeared to bo formed. Tho glasses rich in boric oxide, 
particularly those in the first series (containing 20 “(, NajO) showed 
a marked tendency to a ■' re-boil.” A copious evolution of gas 
w;itf obsetTod in some e -es when tho surface of the glass ■yas 
disturbed by th(! gathering iron. This phenomenon is a common 
oeewrrence in works ])ractiee when melting glasses containing boric 
oxide and also with barium glas.ses and some others. 

Considerable losses of both boric oxide and sodium oxide occurred 
during the melting, the percentage lost varying with the duration 
of the melt and the fluidity of tho gla.sses; up to as much as 15% 
of tho whole boric oxide content and 10 % of the sodium oxide 
content was in some cases volatilised. 

The substitution of silica by boric oxide produced a marked 
increase in the temperature coefficient of viscosity. The glasses 
high m boric oxide were too fluid to gather conveniently on tho 
blowing iron, but set extremely quickly, forming a hard skin 
when marveling. In all the series when the boric oxide content 
reached 40-15%, gatheiiug and tube draw'ing became impossible. 

All the glasses in the series containing 1,0 and 20% NajO which 
could bo drawn into tubing worked well in tho blowpipe. In the 
series containing 6 % of NajO, glas.ses containing more than 35% 
B 2 O 3 showed evidence of devitrification, an opalescence appearing 
on reheating or slow cooling. A sinrilar effect w'as produced in tho 
10% NajO scries with more than 40% BjOj. , 

Excessive quantities of boric oxide dafracted from the durability 
and tho followng glasses were found to show signs of weathering 
on storage;— 


bio,. 

Na^O. 

B.Oj. 

80 

20 

0 

40 

20 

40 

35 

20 

45 

.■iO 

. 10 

40 

45 

10 

45 

60 

5 

35 

55 

5 

40 

50 

5 

45 


The three latter glasses showed a surface film after 24 hours’ 
storage, whereas the second and third in the list took four months 
to deteriorate to the same extent. 
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Examination of tho physical properties showed that the approxi¬ 
mately linear relations generally observed between the composition 
and the values obtained for physical constants did not apply to 
those glasses. Determinations were made of the annealing tem¬ 
perature, thermal expansion, specific gravity, and refractive index ; 
tho disperson was also determined. Keeping the sodium oxide,,con¬ 
stant, substitution of silica by boric oxide increases the annealing 
temperature, lowers the co-efficient of expansion, and increases 
tho specific gravity and refractive index. The effect, however, is 
not linear, maxima or minima occurring in every case at the 
following concentrations of borie oxide 


20% NajO. 

Annealing tomp. (max.) .. 10-17% liiOj 

Thermal expansion (min.) .. 16-17% 

Sp.gr.16-17% BjOj 

Refractive index (max.) .. 30%B2Oa 


10%Na2O. „ 
10-12% B,0, 
20% BjO, 
10-12% BjOJ 
10-12% BjO, 


Excepting tho anomalies in the case of the thermal expansion 
in the 10% soda series and tho refractive index in the 20% soda 
series, which arc remarkable, there appears to bo no doubt that 
this discontinuity in the physical properties is established. (The 
discontinuity in the coefficient of expansion has been observed by 
earlier workers.) 

The following arc the maximum and minimum values obtained 
in the series of glasses examined:— 


Annealing temp... 
Thermal expansion 
Sp. gr. .. .. 

Refractive index .. 


20';{, NujO. 

Max. Min. 

.liO” 0. m" C. 

iM.'ixlO-' «-()5xin-“.. 
2ni 2-.17 

l-,-i25 1-490 


10% NajO. 

Max. Min. 

.597° C. 495° C. 

0-06x10-® 4-97x10” 

2-47 2-02 

l-,505 1-48S 


Interesting observations on tho hardness of the glasses in these 
series were made. It was found that thoso compositions which 
gave the maxima or minima in the physical properties yielded 
glasses remarkably hard and difficult to cut with a file. It was 
further observed that in the 20% soda series the maximum dura¬ 
bility to water occurred when the boric oxide content lay between 
11 and 14%. 

Ip a paper on the density of glass near its annealing temperature, 
8. English® has described the changes of mobility of a number of 
glasses over a range of about 200° in the neighbourhood of their 
annealing temperature. The glasses examined covered the 
complete range of soda lime, soda magnesia, and soda alumina 
glasses and in addition one soda lead silica and one potash lead 
silica glass. The author adopted the extension method, observing 
the rate of fall of a weight attached to the glass under test. He 
found that in all tho glasses tested the temperature coefficient of 
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viscosity was approximately constant near the annealing tem¬ 
perature, and ho obtained the equation for tlie mobility temperature 
relations M=K.2/*‘®. (Twyman in 1917 suggested M=lt.2/"/s.) 

Although the mobility temperature our\-es are approximately 
parallel near the annealing temperature, at higher temperatures 
the curves diverge. In the case of the alumina glasses the curves 
remain more nearly pa'allel +0 the curve obtained for sodium 
silicate than do the soda lime g.asses(the latter give a log mobility/ 
temperature curve which is nearly Ihiear over the range examined.) 
As the proportions of '’.me, magnesia, and alumina in the glass 
increase in each series the rise of temperature required to give twice 
th5 mobility increases. *ln the general formula given above this 
tom^reraturo rise is 9". In the lime and magnesia series these 
temperatures (near the annealing point) are as follows;-— 



Tomporatiire 


ToTn]>eraturo 

% CttO. 

intorvul. 

% MgO. 

interval. 

0-2 

8° 

0 

8° 

2-0 


2-5 

9° 

4-5 


51 

10° 

7-.4 

y® 

7*5 

11° 

9-3 

10'=’ 

y-:t 

12° 

10-4 

10° 



11-7 

ir 




It will bo seen that these temperature iutorval!* are very similar 
in the two series. The alumina glasses and the alkali lead silica 
glasses give similar curves, with a temperature interval from 8“ 
to 9“. At higher temperatures, however—about 150° past the 
annealing temperature—^this interval increases to approximately 
14°. This increase of temperature decreases as the lime, magnesia, 
or alumina content of the glass increases. In the lime series the 
tempejature interval for the finst five gla,sses shown above rises to 
14°, but with the last two it remains at about 11°. In the magnesia 
series up to 5% MgO the temperature remains at 14°, but with 
7% MgO this falls to 13°, and at 9'3% to 12°. The alumina glasses 
are similar in behaviour to the raagneshi glasses. 

In the load glasses the interchange of sodium and potassium does 
not greatly afiect the slope of the curves, but the soda glass was 
considerably the softer of the two, the annealing tomperature 
being about 14° lower. 

It appears probable that, in view of the curves obtained from 
these series of glasses, the -workability or “ sweetnqps ” of glass 
depends very largely on the softness of the glass, although a large 
variation in the temperature coefficient of viscosity must be 
apparent w^en working the glass. In the lead glasses referred to 
above, the soda glass was found to be very appreciably easier to 
work than the potash glass, the former having an unusually loi^ 
working range. In this case probably the heat lost by radiation- 
varying as the difference between the •4th powers of the absolute 
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temponitui'cs of the glass and those of the surrounding bodies— 
will bo tlie determining factor, iho difforonco in the heat losses 
from th<; two glasses being about 25%, whereas since the tem¬ 
perature/ viscosity cun’es ar<! a])in'oximately parallel this latter 
factor will not exert a large itiHuenee on the relative ‘‘ sweetness ” 
of the two glasses. Tlie author points out. however, that at higher 
temperatures points of inflexion in some of the temperature/mobility 
eurv'es will ])robab]y oenur, and then the larger deviation l)etween 
the slopes of the curves will become more a])])ai'ent in its effect on 
the workability of the glass. 

Several important pajx'i's deal with tlic^ dui’aliility of glass. 
These papers aio of impnitance, since there a])pears to be soimi 
lilcolihood of an (dfort being made in the near future to estal^ilish 
standard speeifioatioius for glassware, and before any sati.sfactory 
standards can bo adopted a really satisfactory (juantitative test 
for durability must lie discovered. 

W. L. Baillie'' conskhired that the autoclave fui'nished the most 
satisfactory means of e.stiinating durability. He pointed out that 
the te.st mu.st not bo made too severe since tlie alkali liberated 
might react with the decomposition products of the glass and 11i(^ 
estimation of the eorro.sioii by titration of tho alkalinity {the host 
method in Ins opinion) would come out too low. Ho adv'ocatos 
titration with AVnOO acid rising as an indicatoi' an ethereal solution 
of iodooosiu. 

The following tests were suggested as a standard :— 

Resistanco glass .. .. .. .. 3 hours at 0() 11). prossuro 

♦Superior blown ware . .. ., 3 ,, ,, 50 

Softer blown ware.. .. .. ''V^ ‘U) 

Bottles for ordinary laboratory puriioses /■' .. 

He emphasised tho value of incroased sharpno.ss of discrimination 
which could ho obtained by a judicious .selection of the conditions 
of test. .This is shown in tho following table, which gives the 
mg. of NajO liberated per cm. in one hour from a aeries of six 
glas.ses^of varying composition :— 


i! Atmoaphortw. 

4 .A.l.mo.spheros. 

0 Alnmaplioroa. 

, (i2ra). 

(144° C.). 

(151" C.). 

0-03 

0-11 

0 12 

0 02 

0-«4 

0-03 

o-2:i 

0-78 

1*00 

0-22 

0'4.'> , 

0-79 

0-()3 ' 

0-03 

0-07 

0-05 

0-26 

0-2S 

He pointed out 

that in the test at 6 atmospheres afl the glasses 


were distinguished, whereas the tests at lower pressures, although 
dividing the glasses into groups, did not differentiate the glasses 
completely. 

" Ror. aitixs Tw.Ic. 11122. 7. m ; J.. 1092. 2ftnA 
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VV. H. VVithcy' i)oiutoil out that tho autoclavo might giro 
anomalous results muior certain circumstances, since the products 
of decomposition in some glasses seemed to protect tho glass fron\ 
further corrosion. 'J'ho test, therefore, was in some cases really 
measuring not so much the r.ate of corrosion hut the degree of 
protcclion aflorded hy the decomposition products under the 
conditions of the test. Ho considered that further work was 
necessary hefore tho resoltr, obtained from the iiutoelavo tost 
could he accepted without close examination. 

r. W. Hodkin and W. 10. K. Turner'’ give the results of tests 
carried out on a series of simjilo soda lime glasses. Tho glasses 
were tested at pressures varying from 2 to 2.5 atmospheres hnd 
lossys in weight from tho action of both steam and water were 
determined, together with the Na^O extracted. Considering the 
results obtained in conjunction with the results from earlier work 
with glasses of widely different composition, the authors conclude 
that tho autoclavo test, while giving valuable information in 
certain eases, is not suitable as a single te.st for durability. An 
instance was cited where a glass which was satisfactory’ wlien tested 
with boiling water (eomjiared with tho host resistance glasses) 
broke downi completely under tho autoclavo test. Tho authors 
emphasise the variation in the degree of attack Vy steam and by 
water under jwessuro, glasses containing .alumina, boric oxide, and 
zinc oxide being little affected hy steam, whereas tho soda lime 
glasses showed more attack from .steam than from water. The 
authors point out (and this was emphasised in the discussion which 
followed tho pa])or) that the physical Qondition of the surface 
exerts a marked influciico on the rate of corrosion. 

Turner has pointed out that there is still much to be said in 
favour of testing glass in tho powder form, smeo the results are 
obtained from freshly' fractured surfaces and the values recorded 
are a more satisfactory criterion of the durability of tho gkss itself, 
apart from any influence which the phy.«ical condition of the surface 
may have. , 

An interesting observation on tho variation of tho physical pro¬ 
perties of a glass surface was reported by C. N. Hinshelwood tind 
H. Hartley,® who found that when decomposing formic acid at 
300“ in glass vessels, using one glass, about 70% of carbon dioxide 
and hydrogen was obtained, •while with a different glass only 
16’5-19T% was obtained. 

The use of a solution of narcotine hydrochloride is advocated by 
H. S. Blackmore, V. Dimbleby, and W. E. S. Turner’ as a suitable 

• J. Soc. Glass Tech.; 1923, 7, 89 ; J., 1923, 309a. ' 

” Ibid., 1923, 6, 291, J., 1923, 310a. 

« Ohem. Soc. Trans., 1923, 128, 1333 ; J., 1923, 830a. 

’ J. Soc. Glass Tech,, 1923, 7, 122 ; J., 1923, 83U. 
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reagent for the rapid examination of the durability of glasses. 
The test is carried out as follows :—A solution of narcotine hydro¬ 
chloride is heated to 100° C., and the vessel to be tested is also 
heated to 100° in a water hath. When the temperature of both 
the reagent and the vessel under tost reaches 100°, 50 c.c. of the 
solution is introduced hito the vessel and the mouth is closed' with 
cotton wool. The vessel is kept under observation and the time 
taken for precipitation is noted. If a precipitate appears in less 
than 10 minutes the glass is unsatisfactory. If the precipitate 
appears after 10 minutes and increases during an hour the glass is 
suitable for some ])urpose.s, but not as a container of medicinal pre¬ 
parations. Minute needles appearing in from 15 to 20 minutes, 
but not increasing in quantity appreciably in an hour, denote that 
the glass is quite satisfactory for general use. No precipitate do all 
occurrmg during the hour indicates that the glass is of excellent 
quality. It is necessary that the vessel to be tested be cleaned with 
dilute acetic acid, distilled water, and alcohol before testing. 

The question of the establishment of standard specifications for 
glassware has been discussed at tw^o meetings of the Society of 
Glass Technology during the year. The general opinion appears 
to be that the time is ripe for such a step, although at present no 
agreement ha.s boon reached as regards the standard tests to be 
adopted. 

It is suggested that a preliminary specification shall bo framed 
to exclude obviously unstable glass, and it is urged that all users 
of glassware shall purchase on this specification. Recently a 
number of cases have been brought into prominence where glasses 
of undeniably unstable' composition have been made and dis¬ 
tributed, the resulting danger of the contents of the container 
being contaminated with matter dissolved from the glass being 
obvious. 

Tumor has advocated that the narcotine hydrochloride test 
be adopted. It has been stated, however, by other workers that 
the end point in that test is not sufficiently sharp to enable the 
test te be applied universally as a standard. It has been suggested 
that a test with boiling water for six hours and a subsequent titra¬ 
tion with acid, using phenol rod or bromothymol blue as an 
indicator, is more satisfactory.* 

It appears that further work is necessary before a specification 
can be drawh up. T. Kato® suggests specifications for laboratory 
glassware based on a large quantity of experimental work. He 
advocates a boiling water test of six hours, the maximum loss in 
weight allowable being 5 mg. per 100 sq. cm. In ‘three hours’ 
boiling with hydrochloric acid (12% solution) the specimen should 

* 5«e L. A. Palmer, J. imer. Ceram. Soc., 1923, 6, 679 ; 1923, 481a. 

® J. Jap, Ceram, Assoc., 1928, 367. 
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not lose more thaif 5 mg. per 100 sq. cm., and in three hours’ boiling 
with a 2% caustic soda solution should not lose more than 30 mg. 
per 100 sq. cm. The water obtained from the boiling water test 
should show no alkaline reaction with rosolic acid. Tests for 
therms! endurance are also given. The work merits careful 
consALoration. 

An interesting paper by A. R. Sheen and W. E. S. Turner 
discusses the iniluenco of tits ' x on the proi)erties of glass. When 
the melting conditions are oxidising, titania imparts no appreciable 
colour to the glass. Under reducing conditions, however, colours 
ranging from a light amber to a dark brown are produced. It is 
desirable, therefore, that eiiratcs be present in batches contaiijing 
titania which are used for colourless glass. 

Ttie chemical properties of the titania glasses arc good. In 
general durability they are superior to the lime glasses, resembling 
the magnesia glasses. The titania glasses posse.ss lower annealing 
temperatures than the corresponding lime or magnesia glasses. 
Titania reduces the tendency to devitrification and the glasses 
have good working properties. The glasses exhibited a high 
thermal endurance. Specimens gathered from the pot did not 
crack when cooled quickly. Determination of the coefficient of 
expansion showed that the effect was not due to an abnormally low 
expansion. It must be concluded, therefore, that he high thermal 
endurance found is due to the strength or elastic properties of the 
glasses. Titania is used at the present time both in heat-resisting 
glasses and for the production of amber glasses. 

The importance of cold work on the pro])orties of glass has been 
noted by several workers. If subjectedT to deformation over a 
particular range of viscosity, birefrigence which cannot be removed 
by the- ordinary process of annealing is found. The present writer 
has observed glasses which have been worked too cold and which 
required heating to temperatures 150° above the normal annealing 
temperature to remove the birefrigence seen under crossed nicols. 
Turner has stated that a certain gla^ required to bo heated as 
much as 250° above annealing temperature to remove this apparent 
strain. 

Startling changes in the mechanical properties of glass have been 
noted as a result of small alterations hi the process of manufacture, 
by means of which the temperature gradients in the glass are con¬ 
trolled prior to blowing. In yiew of the fundamental importance 
of this question the recently published work of L. N. G. Filon and 
F. C. Harris * is of great interest. They subjected specimens of 
dense lead glasses to a load at a temperature of 400°; this load 
was held for a considerable period and the glass was then cooled 

“ Soo. Glass Tech., Oct. 17, 1923. 

“ Proo. Boy. Soo., 1928, A108, 561; J., 1923, 774a. 
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reagent for the rapid examination of the durability of glasses. 
The test is carried out as follows :—A solution of narcotine hydro¬ 
chloride is heated to 100° C., and the vessel to be tested is also 
heated to 100° in a water hath. When the temperature of both 
the reagent and the vessel under tost reaches 100°, 50 c.c. of the 
solution is introduced hito the vessel and the mouth is closed' with 
cotton wool. The vessel is kept under observation and the time 
taken for precipitation is noted. If a precipitate appears in less 
than 10 minutes the glass is unsatisfactory. If the precipitate 
appears after 10 minutes and increases during an hour the glass is 
suitable for some ])urpose.s, but not as a container of medicinal pre¬ 
parations. Minute needles appearing in from 15 to 20 minutes, 
but not increasing in quantity appreciably in an hour, denote that 
the glass is quite satisfactory for general use. No precipitate do all 
occurrmg during the hour indicates that the glass is of excellent 
quality. It is necessary that the vessel to be tested be cleaned with 
dilute acetic acid, distilled water, and alcohol before testing. 

The question of the establishment of standard specifications for 
glassware has been discussed at tw^o meetings of the Society of 
Glass Technology during the year. The general opinion appears 
to be that the time is ripe for such a step, although at present no 
agreement ha.s boon reached as regards the standard tests to be 
adopted. 

It is suggested that a preliminary specification shall bo framed 
to exclude obviously unstable glass, and it is urged that all users 
of glassware shall purchase on this specification. Recently a 
number of cases have been brought into prominence where glasses 
of undeniably unstable' composition have been made and dis¬ 
tributed, the resulting danger of the contents of the container 
being contaminated with matter dissolved from the glass being 
obvious. 

Tumor has advocated that the narcotine hydrochloride test 
be adopted. It has been stated, however, by other workers that 
the end point in that test is not sufficiently sharp to enable the 
test te be applied universally as a standard. It has been suggested 
that a test with boiling water for six hours and a subsequent titra¬ 
tion with acid, using phenol rod or bromothymol blue as an 
indicator, is more satisfactory.* 

It appears that further work is necessary before a specification 
can be drawh up. T. Kato® suggests specifications for laboratory 
glassware based on a large quantity of experimental work. He 
advocates a boiling water test of six hours, the maximum loss in 
weight allowable being 5 mg. per 100 sq. cm. In ‘three hours’ 
boiling with hydrochloric acid (12% solution) the specimen should 

* 5«e L. A. Palmer, J. imer. Ceram. Soc., 1923, 6, 679 ; 1923, 481a. 

® J. Jap, Ceram, Assoc., 1928, 367. 
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Recent remark^ by W. Rosenhain on the atomic structure of 
amorphous bodie.s'“ suggest that it may be possible to account for 
those phenomena wirtrout the assumption of the presence of a 
crystalline phase. The existence of asymmetric groups of atoms, 
smaller than the crystal unit, may explain many if not all of the 
l>hcnomena encountered in the study of the effect of the deforma¬ 
tion of glass at its critical viscosity. However, it is premature to 
discuss this further at th^' present time. 

It has been remarked that all glasses after annealing exhibit 
fluorescence when exposed to rays of short wave-length. With 
vci-y rapid chilling, howo.'er, this fluorescence may bo suppressed. 
J. j<. (llarke ” exposed tlnee soda lime glasses to radium emanation 
until the fluorescence, (s-ased and the glasses were coloured a Jeep 
brown. Ttio glasses were thou heated at temperatures of 110°, 
1 S0°, 2:15°, and 'J’lie fluorescence was again observed during 
the heating, and continued for a certain fairly definite j)oriod 
(which varied with the tempe.ratur(5 mvd the composition of the 
glass) unlil the coloration had disappeared. Pre.sumably this 
ttuorcacenco indicates a molecular change occurring in the glass. 
At IKb 13 minutes ela])scd before the fluorescence disappeared 
while a( 350" it was absent in about 30 se,(a)nds. The glass con¬ 
taining tint highest amount of lime fluoresced for ba hours at 
05°. Ity e.vtra])olation it seems that the fluoreseoaice would vanish 
instantaneously at the annoaliug temperature of the glass. 

t'arious investigations on the permeability of vitieous bodies 
to gases ha\'c been made. J. li. Johnson and R. C. Burt'° find that 
hydrogen diltuses through fused silica in high xacua even at room 
temperatures. An easily perca'ptible rattt of difl'usion occurs with 
hydrogen at 300“ and w'itli nitrogen at 000°. There is a rapid 
rise in the diffusion velocity with a rise in temperature. G. A. 
Williams and W. R. rergu.soid® note that at 500° the rate of 
diffusion of helium througli fused silica is 22 times that of liydrogen. 
Both Pyi'cx and Jena glass arc impermeable to hydrogen, but 
Jena glass is permeable io helium. • 

A number of papicrs dealing w'ith the. colour of glass have been 
published. K. Fuwa’^ gives a series of papers relating \o the 
colouring effect of tungsten, molybdenum, mangane.se, antinipny, 
ehiomium, and vanadium. 

Tungsten salts or oxides can bo used as opaciliors in glasses, 
particularly in the absence oi boric oxide. No coloration is pro¬ 
duced. The pre.senco of motallic tungsten gi\ js a grey colour and 
sometimes yellow or orange tints. An excess of tungsten salts 

Britislf .Vssociutioii, Livorpool, 11)23. 

"PAd. Mag., 1923, 45, 735 ; J., 1923, 402a. 

''•J. OpI. Soe. Amtr., 1922, 8. 734. 

"‘J. Anur. Chem. Soc., 1922, 44, 2180 ; J., 1922, 9,S3a. 
u J, Jap. Ceram. Assoc., 1923, 308, 370. 
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gives rise to glass gall on the surface of the pots. ,.The scum consists 
of alkali tungstates. 

Molybdenum imparts no colour to the glass. It can be used as 
an opaci^or in glasses of suitable composition. Ammonium molyb¬ 
date is the most convenient source of molybdenum to use. All 
molybdenum glasses have a tendency to become opalesceijt on 
reheating. With an excess of 5"/„ a white gaU of alkali molybdates 
is formed. 

Nearly 600 meltings were carried out in the investigation on 
the colouring action of manganese. The effect of manganese 
was studied with glasses containing Na, K, Ca, Mg, Zn, Ba, Pb. 
MttjOj is the stable oxidised form above 530° C. in air. S^da 
glaAses are pink, but potash glasses are not so clear with low con¬ 
centrations of MujOg. With largo quantities of MnjOg the goda 
and potash glasses give .similar results. MnO gives pale yellow or 
blue glasses. It is suggested that the MnOj dissociates into 
.tMojOj 4-»/Mn()-b sMnOg and the conditions of melting and 
comiJosition of the batch determine the values of x, ij. and i and 
the consequent coloration produced. In general, MnOg produces 
a brown colour, MiijOg pmk or purple, and MnO no colour or faint 
blues and greens. The addition of arsenious acid reduces the 
colour duo to MnOg to a marked extent. 

Antimony imparts no colour to glasses. Antimony glasses if 
heated in a reducing fire gives iridescent effects. 

Chromium gives a yellowish-green colour. The addition of an 
oxidising agent increases the yellow tint, a reducing agent detracts 
from it. The colours produced by the addition of potassium 
bichromate are more yqllow than if the chromium is added as 
chromic oxide. The composition of the glass greatly affects the 
colour produced. 

Vanadium is similar in its effect to chromium except that the 
colours are more yellow. The composition of the glass makes no 
difference, to the colour produced. The yellow colour is enhanced 
by the addition of oxidising agents and is retarded by reducing 
agents and by arsenic. 

It i^interestuig to observe in Fuwa's work that arsenic appears 
to act as a reducing agent in every case. 

The effect of the addition of soi^ura or potassium chloride on 
the colour of glasses is described in a patent granted to the 
Coming Glass Works.^* The presencjp of chlorides causes increased 
absorption at* the red end of the spectrum. This effect is partic¬ 
ularly marked in the case of glasses coloured with nickel or cobalt, 
:, more especially if boric oxide be present. It is stated^that cobalt 
' will give a pure blue or even a green if chlorides be present in suit¬ 
able concentration. 

‘•E.P. 192,819; J., 1623, 36Sa. 
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A notable advajice in the technology of the decolorising of glass 
is patented by W. C. Taylor (assigned to the Corning Glass 
Works).'® Neodymifim oxide (NdjO,) is used. An oxidising 
atmosphere is necessary for successful decolorisation and antimony 
or arsenic must not be present in appreciable quantities. This 
decoloriser is only effective in highly acid glasses, for example, 
those containing over 80% of silica if boric oxide be absent, or 
where boric oxide is present in quantities not less than about 50% 
of the whole constituents of i/he glass exclusive of silica. Any 
source of neodymium oxide was suitable for use, provided the other 
materials did not destroy the acidity of the glass. Commercial 
“ ^dymium oxide ” was,convenient. The oxide was used in the 
proportion of 0-5-1% as a decoloriser ; 5% yielded a pink colour 
(th(i neodymium replaced silica in the batch). 

J. Mori™ has investigated a series of soda lead silicate glasses 
and, assuming the usual formula for the coeffieient of expansion 
3o = ^pz, and assigning the values for z obtained by Turner for 
SiOj, CaO, AljOj, and MgO (namely 0 05, 1-53, 1-53, and 0-46 
respectively for the linear expansion), calculates values for PbO 
and NajO from his experimental results. He has assigned the 
coefficient for lead of 0-938 and for NajO 4-7 (Turner obtained 4-3 
for NajO). 

The following miscellaneous papers are also af importance:— 
“ Analysis of bubbles in glass ” (Ryde and Huddart, Phjrsical 
Society, April, 1923); “ The electrical properties of flint glass 
(Addenbroke, Phil. Mag., 1923, 45, 516); “ Deformation study of 
silicates ” (B. A. Rice, 1923, J. Amer. Ceram. Soc., 6, 525). 

“ U.S.P. 1,449,793 ; E.P. 194,888 ; J., 1925, 454a, 

J, Jap, Ceram, Asaoc.f 1923, 36S^ 
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CERAM res, REFRACTORIES, AND RUILDINU 
MATERTAr^S. 

By G. N. White, D.Sc. (LoikI.), F.I.G., 

Comulling Chemisl to (he Royal Wom-iter Porcelain Co. 

The writer of the report for 1922 expressed the opinion tliat the 
results of the year were of a somewhat meagre ehar<acter, and it 
is d matter of regret that the same must be said of the results for 
1923. It is hardly fair to consider the ceramic industries in, the 
same light as others, which arc cairablc to a much greater extent 
of utilising scientific methods and profiting from the, general 
advancement of chemistry, physics, and engineering. The. 
complexity both of the materials used and of the type of work 
involved, prevents the direct application of iirany improvements of 
a general character made use of by other industries, and this 
difficulty is undoubtedly responsible for that conservative view¬ 
point which is usually considered typical of ceramic manufacturers. 

Clays and other Cera.mic AfiNERtLs, 

H. H. Sortwell' has carried out an extremely detailed examin¬ 
ation of some American and English ball clay.s. The ])ro])crtics 
considered are the water of plasticity, the volume shrinkage on 
drying, the residue on l20-mesh sieve, the cohesion of the plastic 
clay, the transverse strength in the form of bars of a dried mixture 
of clay with an equal weight of flint, the rate of flow as slips 
containing from 3 to 40% of clay, the porosity, the time required 
for the complete oxidation of organic matter at 750° C., the effect 
upon the colour when emjdoyed as a component of a standard 
body, the apparent and true densities, and the proportion of sealed 
pores,* after firing to various temperatures. Six American and 
fifteen English ball clays wore thus examined, so that the work 
must be regarded as comprehensive and of general utility. Apart 
from the sound and detailed infonnation it gives, some of the 
rather anomalous results are noteworthy. Thus, in spite of the 
American bidl clays being praoticSlly equal to the English in 
plasticity, they gave less strength to the body when dry, a fact, 
perhaps,'explained by the general lower content of organic matter 
in American clays. The outstanding advantage of the English 
able^ooneli“ the constancy in volume and porosity through a 

II j of Standards, Tech. Paper 227, 1923, 17, 153; J., 1923, 
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considerable temfierature range, whereas the American clays 
sufEered variation in |hcsc respects. On the other hand, English 
clays affect the colour of the ware more seriously, so that for a 
given tone a higher admixture of American clay is pehnissible. 
This, however, entails raising the flux content to maintain a 
consteint vitrification temperature. The body thus produced 
would have the advantage of being more plastic, but entails expert 
burning, as variations in cem,' ature in the kiln moan differences 
in shrinkage. 

A paper by C. 10. Moe-c'^ upon the behaviour in the course of 
burning of Stourbridge fireclays is typical of much of the work 
which is being carried out at the present time. The properties of 
the ^fireclays whicli were brought under observation wore: the 
volume changes, porosity, specific gravity, hygroscopicity, solu¬ 
bility in acids, heating curves, and dehydration. The details of 
this extensive examination need not be dealt with here, but the 
original paper should form very profitable reading for anyone 
directly or indirectly interested in fireclays. 

Two pajiers have appeared dealing with the functions of colloidal 
plasticity in clays and related minerals,^ and the results confirm the 
expectation that the presence of water is essential to the assumption 
of the colloidal state by a part of the clay, and* that this action 
performs a part of the work done in vitrification. Thus a plastic 
clay on heating undergoes a hardening without loss of the combined 
water, an effect which can only be ascribed to peptisation. After 
dehydration and above 700° 0. other physical changes occur, result¬ 
ing in an increased hardening of the clay. • On the other hand, non¬ 
plastic clays only harden once at about 1000° C, Another effect 
due to the same cause is the resistance of burnt clays to disinte¬ 
gration forces by freezmg. A clay dried at 150° C., compressed at 
700 kg. per sq. cm., and then tired to 900° C. will crumble when 
twice submitted to a soaking in vacuo, followed by freezing at 
—15°C. The same clay containing 4% Sf water when compressed at 
the same pressure and given the same heat treatment, disintegrates 
on the fourth or fifth repetition of the soaking and freezing, but’if 
it is made into a plastic mass with 21% of water and compressed 
only at 15 kg. per sq. cm., ten repetitions of soaking and freezing 
have no effect upon it. The plastic preparation, therefore, acts as 
the dry preparations fired to a higher temperature, Ijie additional 
work done in attaining the higher temperatui-e being expended in 
effecting molecular contact and equivalent therefore to the work 
to be done,to reduce the particles of the non-plastic clay to the 
colloidal state. 

‘ Trans. Ceram. Soc., 1922-3, 22, 138 ; J., 1923, 774a. 

»A. Bigot, Comfiks rend., 1923,178,91,1470; J ., 1923, 184a, 658a. 
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F. P. Hall* has studied the effect of hydrogeu-ion concentration 
upon clay suspensions, and some very suggestive results have 
biren obtained. With regard to the aqueous extracts of clays no 
relation between the pa value of the extract and the nature of the 
clay could be observed, but the vast majority showed acidity 
between Pa 2-95 and pa 6-8. A few showed alkalinity and among 
these was Bentonite. One generalisation, however, which could be 
made was that if a clay gave an acid extract on the fust wash, the 
acidity increased with each subsequent wash, whereas if the initial 
reaction was alkaline repeated washings were successively lower in 
alkalinity. This reaction of clays is unquestionably due, at least 
in part, to the absorption of soluble salts, which are removed by 
washing with extreme slowness. The influence of hydrogen-ion 
concentration on the rate of settling has given numerical form to 
what was already largely known. The curves relating hydrogen- 
ion concentration with rate of settling are of an S-form, the maxima 
being the isoelectric point or points of maximum rate of settling, 
while the mimma are the points of maximum deflocculation. The 
range of ion concentration which the S curve covers, is shown by 
the following results for English ball clay : Pb water extract, 5-50 ; 
Pb at isoelectric point, 2-78; pa at maximum flocculation point, 
10'96. The increase in the value of p,, on addition of soda to a 
clay suspension is less than would occur in the absence of the clay 
owing to adsorption, a state of equilibrium being reached in about 
24 hours. That this removal of alkali from solution is due to 
adsorption over a certain range of concentrations is shown by the 
applicability to the case of Preundlich’s equation, xfni=¥S?l^ 
where a:=the solute adsdrbed by m grams of solid from a solution 
of which the final concentration is C, while K and n are constants. 
Plotting log xjm against log C should, therefore, give a straight 
line if adsorption has occurred, and this is found to be the ease in 
original concentrations ranging between pa 7 and Pn 12. Above 
Pb 12, however, the rectUinear character of the relation breaks 
i^down, showing the inset of chemical action. A special interest 
attaches to the constant K, which represents the amount of solute 
aifsorbed when the concentration is unity, and should be a function 
of the surface of the solid phase and therefore a measure of the 
fineness of the clay. Although the value of this constant is almost 
certainly affected by other factors, it is improbable that it is in¬ 
fluenced to an extent to make it uSbless for the grading of clays, 
and consequently the list of clays arranged in order of the value of 
K given in the paper is of particular interest, although to English 
readers the small number of clays from this country included in 
this investigation is a matter of disappointment. 


‘ J. Amer. Genm. Soc., 1923,6, 989! J., 1923, 1182*. 
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The work of J. W. Mellor,' in conjunction with W. H. Bragg and 
G. Shearer, is of a unique character and constitutes an attempt to 
lay the foundation of a new method of elucidating the reactions 
occurring in kaolin during firing. The established method of 
X-ray analysis was applied to kaolinite in various stages of burning. 
Dried at 100° C. this material was found to be definitely crystalline, 
but this crystallinity was destroyed by ealcining to 700° C., such 
crystals as were present afte-’ liis treatment being probably of 
colloidal dimensions. At 000° or 1000° C., however, crystallinity 
was again assumed, but of a different nature to both that of the 
kaolinite and that of sillimanite which formed at a higher temper-’ 
ature. This crystalline substance is at present unidentified, but 
the expectation is that it will prove to be alumina. 

This work is admittedly tentative as far as it has gone at present, 
and its importance lies not in the results so far obtained, but in the 
fact that it forms a pioneer attempt to establish a means of investi¬ 
gation into the reactions of the complex silicates. For all practical 
purposes at the present day these reactions are unknown, and it is 
the opinion of many people that until a more complete answer 
can be given to the questions, “ What are the chemical natures of 
the constituents of the clay ? ” and “ What reactions do these 
substances undergo on heating?” the study of ceramics as a pro¬ 
gressive science is capable only of a limited, development. 

R. Schwarz and D. Brenner® deal with the constitution of clay 
from a synthetic standpoint, having studied the action of sodium 
silicate on aluminium chloride. It appears that, independent of 
excess of silica or the time of the reaction, a single compound, 
Al 203 , 2 Si 0 j, is invariably formed. But may undergo modifi¬ 
cation after formation by adsorption of silica. Thus by increasing 
the dilution of the reactants the ratio SiO j; A1 jO, was progressively 
lowered until it approached 3:2, but it never actually reached 
this figure, the silica always being in excess owing to adsorption. 

When an excess of silicic acid is present the above ratio rises, 
and when this excess amounts to 6 to*10 molecules of silicic acid 
the initial product 2 Al 203 , 3 Si 02 ,aH 20 invariably adsorbs •silicic 
acid to form A1 203 , 2 Si 0 2,2H jO. « 

On heating in contact with the solution the originally amorphous 
product assumes a crystalline character and after drying at 110° C. 
retains its water of constitution and generally behaves in a manner 
similar to, but not identical With, natural kaolin. Thus it loses 
the first molecule of water below 260° C. and the second between 
360° and 640° C., whereas kaolin dehydrates continuously between 
360° and 640° C., showing that, as regards the state of combination 
of one molecule of water at least, the two substances are dissimilar. 

‘ Trems. Ceram. Soc., 1922-3, 28,106 ; J., 1923, 638a. 

“ Ber., 1923, 66, U33 i J., 1923, 776a. 
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Kilns and Fining. 

The number of improvements upon the design of kilns for burning 
ceramic .ware is not large, and those that have been published do 
not appear to have any outstanding feature which gives ground for 
hope that this most unsatisfactory feature of manufacture of 
ceramics has approached the ideal to any appreciable extent. 
With regard to tunnel kilns improvements lie chiefly in the direction 
of the path of travel of the hot gases. Thus in one case’ the 
diameter of the kiln in the firing zone is enlarged beyond that of 
the preheating and cooling zones before and after it. In this 
portion of the kiln, side dampers and flues are provided, by the 
regulation of which the hot gases strike the line of trucks diagonally 
from each side. Alternatively a second set of dampers allow^ the 
gases, if necessary, to take up a parallel path if required. 

An improvement to the same end is embodied in the patent by 
Woodall, Duekham, and Jones, A. M. Duckhani, and A. T. Kent.® 
A series of graduated baffles project from the roof and walls of the 
kilns and the trucks carry partition walla adjusted just to miss the 
lowest baffle. In addition to this the tables of the truck are 
mounted on bearings which permit the tables to move at right 
angles to the line, and by an ingenious combination of channel 
irons and bell cfank levers alternately right- and left-handed the 
tables of the trucks are made to engage alternately with the baffles 
on the right and left and so forced to pass in a zig-zag course 
through the length of the kiln. The gas combustion chambers 
are situated in the side walls of the central compartments and the 
burnt gases leave the kijp at the inlet end, while cold air enters at 
the exit of the kiln and after absorbing heat from the burned ware, 
divides, one part being used to preheat the first two chambers and 
the other for the combustion of the gas. 

Not a little .surprising is the invention of E. Wesnigk,® who 
adopts radiant heat derived from an electrical resistor in the 
shape resembhng a concavp mirror surrounding the goods. The 
method sounds costly and does not conform with the generally 
accepted idea that the rectilineality characteristic of all radiations 
is i\pt suited for the heat treatment of ceramic ware, excepting in 
the case of operations at the lowest temperature. 

The efficiency of brick kilns has been dealt with in considerable 
detail by R. M. Campbell,’® and although this work may not 
exhibit many novel features, the results are instructive. The 
thermal balance sheet may be set out as follows: Total heat, 

’ T. Seedorft, A. F. Barford, and L. E. George, E.P. 188,468; J., 1923, 
57a. 

’«E.P. 190,393; J., 1923,402a. 

«aP. 364,164; J., 1923,310a. 

“ J. Amr. Ceram. Soe., 1923,8,886. 
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expended per 10(30 bricks, 27,179,788 B.Th.U. Heat to raise 
1000 bricks to 212° F., 158,480 B.Th.U. Heat to raise water 
content of bricks to 212° F., 28,000 B.Th.U. Heat to. convert 
water in bricks at 212° F. into steam, 106,000 B.Th.U. Heat to 
raise dry bricks from 212° F. to 1970° F., 1,990,056 B.Th.U. 
Totafheat requirod=2,372,586 B.Th.U. Tlicrcfore heating efficiency 
=8’69‘)(,. Apart from othe" con^'dorations, the problem of burning 
ceramic goods is shown by tms figure to be one requiring urgent 
attention from the point of \ i(!W of fuel economy. 

A ])aper of very consul uable importance from many points of 
view is that by B. M. OTtarra and W. T. Uarby^' ui)on the dis¬ 
integration of refractory liri<-k by carbon monoxide. Althoifgh 
this j|S, strieily s]icaking. a subject which should be dealt with under 
the heading of refractories, it is one which must also affect the 
ceramic industry generally. It has been long known that the 
reaction : 0 -i 002—2(^0 i.s reversihle and the equilibrium con¬ 
centrations of this system were determined by Rhcad and Wheeler,*^ 
who showed that the optimum temperature range for tho back 
reaction was between 4.50“ and 600° 0. It was also shown by 
Boudouard in 1899’^ that this reaction is influenced catalytically 
by metallic iron. O’Harra and Darby have now proved that it is 
the deposition of carbon produced by the catalytic decomposition 
of carbon monoxide, which is the cause of the breakdown of re¬ 
fractory materials, the carbon being deposited around particles of 
iron and producing at these places an expansion of a magnitude 
sufficient to cause the rupture of the material. Certain refractory 
bricks, which g.ave excellent serv'icc at high temperatures, but 
which contained particles of ferric oxide, failed completely in an 
atmosphere of substantially pure carbon monoxide at temperatures 
between 4.50° and 600° C. It was shown conversely that in the 
absence of any reducible iron compound, no decomposition of 
carbon monoxide occurs and, therefore, this gas has no action on 
refractory bricks free from iron. 

POTT’IRY AND PORCNLAIN, BODIES, GdAZBS, AND CoLODES. 

The amount of headway made in this branch of ceramics, judgbig 
by the papers published during the year, is not large, although one 
or two results obtained have considerable interest. 

I. E. Sproat^* has examined tho crazing of glazes on semi-porcelain 
bodies with results that manufacturers of this kind of ware should 
find useful. In general it was not found possible to correct crazing 
by adjustmemt of the glaze or body composition without sacrificing 

u J, Amur. Ceram. Soc.t 1923, 6, 904 ; J ., 1923, 1022a. 

“ Chem. Soc. Trans., 1910, 2178. 

“ Gompka rend., 128, 98. 

J, Amer. Ceram. Soc., 1923, 6 ,510 ; J,, 1923, 463a. 
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some of the desired properties of the ware, although the addition 
of “ Hercute ” clay to the body did so to a certain extent. The 
more important result is that an absorptive power of 7-12% gave 
a biscuit with which the tendency to craze was least, and that 
greater or lower porosities increased the instability of the glaze. 

With regard to advancement in porcelain manufacture, mention 
must be made of the really great achievement of the State Porcelain 
Manufactory at Meissen in succeeding in the manufacture of a 
chime of fifty bells of hard porcelain, the tallest bell measuring 
about 5 ft. in height. The amount of experimentation and potting 
skill required to bring about this result must have been immense, 
and to the vast majority of ceramists any success in this adventure 
would have been regarded as but a dim possibility. 

E. Singer and E. Rosenthal'® have made a highly detailed 
examination of the physical properties of hard porcelain in which 
the specific gravity, cubical expansion, thermal conductivity, 
specific heat, modulous of elasticity, hardness, crushing strength, 
permeability, and specific resistance were included. These are all 
essential characteristics of hard porcelain for one use or another, 
and sound ground-work, such as is provided in this paper, assists 
in making the invention of bodies for special purposes an inductive 
process. 

Similarly useful is a comparison by E. Roth'® of porcelain 
prepared using either potash or soda spar. With regard to the 
former it seems a little unfortunate that a spar containing as much 
as 2'1% of soda should have been used, since felspar with a compo¬ 
sition approximating to that of pure orthoclase is available. Among 
the interesting comparisons m^e are that the potash porcelains 
have the higher viscosity and potash spar dissolves 20% of clay 
against 15% dissolved by soda spar. Other useful observations are 
made which will be of value to anyone experimenting on hard 
porcelain production. 

The expansion of hard paste bodies in the later stages of firing 
as shown by specific gravity determinations is mentioned indirectly 
by G. N. White" as the cause of failure of certain types of hard 
porcelain. It is suggested that if this expansion occurs against the 
viscosity of the glaze the piece will cool in a condition of strain 
which may be sufficient to rend it to pieces. Strains of lower 
magnitude ihay give rise to the breaking of the piece spontaneously 
after some weeks, and although the appearance is in no way dis¬ 
similar to crazing it is distinguished by the crack extending right 
through the body. ‘ 


J?er. deiU, Kemm. Cks,, 1920,1, 3. 

'•B. Roth, Keram, Rundschau, 1923, 81) 31. 

W n XT ‘urxUA rjw 9t. SW. 
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Three papers fropi Japan—^two from the Pottery Laboratory at 
Kioto and one from the Tokio Industrial Laboratory—contain a 
great deal of good work, which in spite of the fact that the materials 
used were derived from the Far East should be of use in western 
manufactories. This first report^* describes the experimental 
work in the preparation of several bodies with excellent potting 
qualities and appearance, although the Korean kaolin used con¬ 
tained appreciable quantities i.’on. A series of magnesia potash 
glazes were examined and found very satisfactory, a particularly 
good one having the formula (0-70 KjO, 0-30 MgO) 1-2 AljOj, 
12 SiOa- 

I’hc second report from the same laboratory deals with the 
production of hard faience glazes, which have and impart the same 
appe^irance to faience as is possessed and produced by porcelain 
glazes. This was cliiefly a problem of producing a good bright 
“ hard-looking ” glaze without excessive lustre, but with a certain 
amount of opacity. 

A large number of exi)erimeuts have been m.ade, some of which 
involved the use of fluoride, which cannot bo detailed here, but are 
worthy of study, especially as results in this direction should form 
a great asset in faience manufacture. 

The third report^" consists of a detailed examination of Japanese 
and European porcelains chiefly from the microstruotural standpoint. 
The paper is profusely illustrated by photomicrographs which 
enable interesting comparisons to be made between the felspathic 
bodies, both European and Japanese, and that type of Japanese 
body prepared with weathered liparite or quartz-porphyry. As a 
general rule the sillimanito formation is Jiigher in the European 
bodies, and as a corollary the Japanese are higher in traaslucency. 

A detailed study of antimony lead glazes which will help to 
standardise the manufacture of yellow glazes to a considerable 
extent has been carried out by W. Rohn.^' That magnesia in 
some obscure way is not equivalent to the alkaline-earth oxides is 
once more demonstrated in this work, since whereas lime, strontia, 
and baryta destroy the yellow colour very effectually, magnesia 
only changes the shade. The best results are obtained with only 
soda and lead oxide as the basic constituents, as for instance in,the 
formula (0-80 PbO, 0-20 Na^O) 0'15 Al^Oa, (2 SiO^, 0-4 BjOj) and 
3% of antimony dioxide, which gave excellent results. 

Further work has been done, on the replacement of gtaimic oxide 
as an opacifier,® and the conclusions arrived at are based upon a 
very reliable method of measurement of opacity. Although 
M. Akajsuka, Rep. of Ote Pottery Lab. Kioto, 1923,1, 1. 

"im., 1923,1,14. 

ToUo Industrial Lab. Rep., 1922, 27, (6), 69. 

^ Keram. Rundschau, 1923, 31, 31. 

“ R. B. Danielson and M. K. Frehafer, J. Amer. Ceram. Soc., 1923, 8, 
634 • J, 1923, 805a. 
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Btannio oxide still remains the best material, zirconium oxide and 
sodium antimonate approach it very closely. The fourth in order 
‘ is zirconium silicate, although impurities attect the efficacy of this 
substance very considerably. Some very instructive curves are 
given showing the power of reflection relative to magnesium ear- 
bonate for light of various wave-lengths. 

In this connexion a new method of preparation of pure zirconia 
is of interest,and also a papier on. the production of white glazes 
using zircon by P. P. Budnikow.“‘ 

Although admittedly possessing little prospect of commercial 
success,^® the invention of a turquoise glaze insoluble on the 
finished j)iece, which in consequence becomes impervious to 
water, has scientific and artistic merits. After repeated failure the 
following glaze composition was devised; (Na2O=0-6, K.^0—O-l, 
Ca0=0'3), SiOj— 2 - 8 , to which 16-27 parts of copper oxide was 
added. Of the bodies which carried this glaze satisfactorily, one 
' composed of Cornish stone ( 17 %), Tennessee ball clay ( 15 %), 
cryolite (8%), and flint (60%) is typical. In the glaze the oxides 
NajO and KjO are interchangeable without affecting the colour, 
but any addition of Al^O^, PbO, BaO, or MgO gave greenish shades. 
The burning, both of body and glaze, was carried out at cones09-06. 

The use of ammonium uranatc for the production of red and 
scarlet glazes hhs been extended with success. A whole series of 
colours, ranging from vermilion to orange and reddish-brown, 
have been obtained by proper adjustment of the firing conditions 
and the composition. 

The literature upon tho subject of high-temperature glazes has 
been extended further by a paper by R. Twells,*’ who has investi¬ 
gated three series of these glazes. Starting with the original 
formula ( 0-3 KjO, 0-7 CaO), 1-3 AljOj, 11-0 SiOj, the first series is 
derived by the equivalent of lime being replaced triaxially by 
magnesia and baryta. The result of the substitution is practically 
negative if small variations in the vesicularity of the glaze be 
overlooked. In tho secoM series the same original formula is 
varied by the mutual triaxial replacement of the three clays 
employed, namely, Florida and North Carolina kaolins and Kentucky 
bafi clay. It was found that the only notable result of this variation 
was tho lowering of the maturing temperature by the ball clay. 
For tho third series a new formula was used, namely, 0'2 KjO, 
0'8 CaO, 0-8>-l'6 AljOj, 8-0-14-0 SiGj for which the usual diagrams 
have been mapped out. There is much information in this paper 

**H. von Siemens and H. Zander, Wise. VerSffentl, Skmens-Konzem, 
1922,2.484 ; J., 1923, 143a. 

P. P. Budnikow, Tonind. Ztg., 1923,47,173. 

« M. M. French, J. Aimr. Ceram. Soc., 1923, 6,405 ; J., 1923, 270a. 

«• M. Akatsuka, Rep. 0 / PoUery Lab. Kioto, 1922,1,57. 

>f J. Amer. Ceram. Soc., 1923,6,1113 ; Afa., 1924, B, 67. 
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which will be of the greatest use to manufacturers of these high- 
fire products, but in the opinion of the writer, a mistake has been 
made in not working with reasonably pure materials and, having 
once established the principles and main facts with these, replacing 
them according to anatysis with more commercial products, either 
altoge Jier or step by step. As the work now stands, the formulae 
given above are fictitious and differ considerably from what would. 
be obtained from analysis. A; ,,ono wishing to repeat one of these 
glazes would either have to find a spar of the same composition as 
that used in this work and to add it in such quantities as would be 
required it it were pure orthoclase, or, what would be far more 
rational, to take the analyses given by Twells and re-calculate bis 
formulse, so making the results independent, or as nearly so as 
possible, of the nature of the spar. 

llKFKACTOEIES. 

A very large amount of work continues to be done on the subject- 
of refractories, both as regard the method of manufacture and the 
nature of their composition. The number of now refractories which 
continue to be patented is largo, and of the majority the distinctive 
qualities aijpear to be somewhat obscure, although a serious 
judgment cannot be made without direct experimentation. The 
most hopeful feature of the year’s work is that afforded by investi¬ 
gations into the physical chemistry of certain well-known refrac¬ 
tories, and based upon those results some real progress in this field 
may be looked for. 

On the practical side it is significant tp note that electrically- 
sintered magnesite is being produced in quantity by the 
Carborundum Co., of Niagara h’alls. Carefully selected magnesite, 
containing 95% of magnesia and less than 1% of iron oxide, is 
fused in an electric furnace, with the result that it undergoes no 
contraction when put to industrial use. Its melting point is given 
as 2600° C. Another form of magnesia jefractory, patented by the 
General Electric Co.,*’-^ is stated neither to expand nor to contract 
to any appreciable extent up to 1800° C.; it consists essentuflly of 
crystalline calcined and sublimed magnesia specially compounded. 

W. J. Bees very aptly comments on the situation of the subjMt 
of refractories at the present time.** He insists that the ^y 
sound basis on which to compare refractories is the cost of refrac¬ 
tories per ton of output of saleable product. There is'much to be 
said for this view, particularly that it would emphasise the applica¬ 
bility of the refractory and reduce the present tendency of claiming 
that this or lhat composition is the best for any purpose. The 
paper in question contains a good deal of useful matter, although 

•’AtJ.S.P. 1,444,527 j J., 1923, 310a. 

. OoUiery Qvardim, 126i 516. 
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the subject is considered more from the user’s than the producer’s 
standpoint. 

The same author has published^® a comparative examination of 
different refractories as regards their utility in coke-oven practice. 
The materials were exposed to tiie action of. salt vapours at 800“- 
1200° C., and the results show that the degree of corrosioa was 
chiefly connected with the porosity, which allows the penetration 
of sodium chloride and other inorganic vapours into the interior of 
the bricks. The result of this penetration is to form a vesicular 
structure, which opens up the inner surfaces to further attack. 
Highly silicious materials arc, therefore, more suitable for coke- 
oven practice. t 

The preparation of cai'bonised bricks by new methods has given 
some very promising results.’" Raw clay is placed in a muflle 
furnace in presence of coal, so that at the same time that the clay 
attains its maximum porosity the atmosphere surrounding it is 
heavily charged with carbonaceous vapours, which penetrate it and 
deposit carbon in its pores. On further rise in temperature the clay 
shrinks and compresses the enclosed carbon to an extent to give it 
a density comparable with that of steel. On heating in an oxidising 
temperature the black carboniferous brick loses its carbon content, 
burning white, while its thermal properties undergo a radical 
change, the black brick having a high and the white a low thermal 
conductivity. The high conductivity for heat and its great hardness 
make this carbonised clay a highly attractive proposition, and it 
is hoped that further work upon it will be forthcoming. 

The resistance of mapiesite, chrome, silica, diaspore, and fire¬ 
clay to the action of five different slags formed the basis of the work 
of R. M. Howe, S. M. Phelps, and R. F. Ferguson.’^ Their method 
of grinding both the refractory and the slag and mixing the two m 
varying proportions for testing the fusion point in the form of cones 
has given some interesting results, although it is not incapable 
of adverse criticism. Obviously the conditions obtaining in ground 
mixtures of the two components are far removed from those under 
which corrosion usually occurs, and rather than the melting point 
of the product of the action of slag upon the refractory being the 
mefet potent factor, it might be argued that the solubility of the 
refractory in the slag was the more important property. However, 
a number of interesting results are given which quite possibly will 
be found of value. 

A very appreciable contribution to knowledge of the behavioui’ 
of refractories on heat treatment is afforded by the work of 
H. S. Houldsworth and J. W. Cobb,’’ who have osamined the 

«»W. J. Eees, J’«eU922,1,20. 

W. Smith, Brit. Clayworhr, 1923, 32, 17. 

J. Amer. Vmim. Boc., 1923, 8, 689; J., 1923, 452a. 

Ibid., 1923, 6, 645 ; c/. J., 1922, 709a. 
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reversible thermal eKpansion from 15'’ to 1000’’ C.of kaolin, sHicious 
and aluminous tiroclay, quartzite, alumina, magnesia, and car* 
borundum. The materials were first subjected to a preliminary 
burning at temperatures ranging from cone 06 to cone 20, and were 
then heated in a resistance furnace to 1000° C., the expansions or 
contractions over this period being measured very accurately, and 
plotted against the temperature. By this moans the authors are 
able to form some valunl)le eoi clusions as to the silica conversions 
in the firing process. 

The conversion of a- into ^-quartz is responsible for the very 
large expansion which Welrh quartzite shows from 550° to 600° C. 
Firifig to cone 9 converts a part of the quartz into cristobalite, 
and for this reason the expansion occurring between 200° and 250° C. 
is increased. The expansion of this range is stiU further increased 
by two hours’ firing at 1400° 0. with concomitant decrease in the 
^ expansion at 550° C. The overall result is that by suitable heat 
. treatment Welsh quartzite can be obtained in a form in which 
nearly the whole of the expansion occurs between 15° and 300° C., 
thereafter the increase in volume being a small fraction of the whole. 
Therefore a furnace made of bricks in which the cristobalite con¬ 
version was complete would require judicious treatment up to a 
temperature of 300° C., but having passed that point any fluctuation 
between 300° and 1000° C. is without effect. On Ihe other hand, 
if quartz is present any fluctuation between 15° and 600° C. is 
accompanied by considerable volume changes. To convert the 
whole of the quartz into cristobalite a two hours’ heating at 
1530° C. was necessary in addition to the previous heat treatment, 
although to effect the same change with flint two hours’ heating at 
1380°-1400° C. was sufficient. 

The examination of a silica brick after use in a steel furnace 
showed the presence of a- and (8-quartz towards the end of the brick 
away from the interior of the furnace, while the opposite end was 
composed almost entirely of cristobalite, Rowing that the conversion 
had occurred in use. Similar tests on a brick from a coke-oven 
show that the coefficient of expansion of the outer layer was dSuble 
that of the inner layer, a point graphically represented in the pager 
and effectively demonstrating the cause of internal stresses when a 
furnace of such bricks is heated. 

It is not without interest to compare this work witjj a research 
along similar lines by Y. Tadokoro,^ who, however, has carried his 
investigations to higher temperatures, namely, 1300° C. instead of 
1000°. The results are substantially in agreement with those of 
Houldsworth and Cobb, and the two papers together form a useful 
combination. 

“ J. Amer. Ceram. Soc. Abatrada, 1923, 6, 169. 
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Reference may be made here to the work 'reported under tihe 
heading of “ Kilns and Firing,” by O’Haira and Darby'^ dealing 
with the disintegration of refractories by deposition of carbon from 
its monoxide, and it must be emphasis^ that in all improvements 
in this field, proper consideration must be given to this fact, so 
largely overlook^ hitherto, which means that a refractory, no 
matter how excellent in properties, will fail in the presence of carbon 
monoxide below 600° C., if contaminated with particles of iron, 
in the metallic or reducible form. 

Among the noteworthy contributions to the work of the year 
must be placed the “ Progress Report on Specifications for 
Refractories,”** which constitutes an attempt to determine spucifi- 
cations for use by the various United States Government depart¬ 
ments when purchasing refractories. The tests applied were 
devised in such a way as to fall into two groups— (a) suitability 
test and (6) control tests. The former group consisted of an 
endurance test, a constant-volume test, and a quenching test,' 
while a fusion point test and a load test formed the basis of control. ” 
It is unnecessary in this report to go into details of these methods, 
for these and the comparative results obtained by the treatment of 
41 samples of the refractory brick are discussed and criticised in 
thd original report at some length. The value of the publication to 
users of refractories in England lies chiefly in the very excellent 
idea which is given of the typo of result which should bo obtained 
from a good-quality refractory for any particular purpose and in 
the fact that it might be taken as the basis of a similar system of ■ 
testing in this country. 

BuitDDto Matebuls. 

The year under review has witnessfed the institution of the Stone 
Preservation Committee of the Building Research Board to report 
on the best methods by which decay in building stones, especially 
in ancient structures, may be prevented or arrested. The question 
of the deterioration of stonework in buildings is a matter of general 
ecojfomic importance. But in the cases of our historic bufidingB 
and ancient monuments prevention of the serious decay and gradual 
demolition of tooled surfaces and main structures constitutes a 
special problem which has engaged the attention of many investi¬ 
gators for a considerable time, without, however, finding any 
generally satisfactory solution. The constitution of this committee 
is such as to permit the expectation that any conclusions arrived at 
in due-course will be of great practical utility. 

With regard to the progress during the year in th6 manufacture 
of building materials, the chief innovations relate to that of cement, 
and among the important literature which has been published is 

**J. Amer. Ceram. Soc., 1923,6,1098. 
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Pamphlet 1 of th» British Portland Cement Research Association. 
The subject dealt with in this pamphlet is the variation of the 
time of setting with chemical factors, and it is proved beyond 
all doubt that the setting time of cement undergoes no change per as, 
as when stored out of contact with air or water. It was also un- 
affeetjd by dry air, oxygen, or ozone, but accelerated considerably 
by dry carbon dioxide. 

In the moist state carbon ui ixide produces a very groat decrease 
in the setting time (and also alters the character of the cement), 
while moist air prolongs the setting time. The time of set has been 
found to depend upon the proportion of combined water present in 
the»hydrated calcium aluininato or silicate, which is considered, to 
form a protective layer around the particles, retarding the penetra¬ 
tion‘of water into the interior. The higher the proportion of 
combined water in the cement, the more impervious is this surface 
layer, and therefore the presence of water, as in the case of moist air, 
occasions retardation of setting. Conversely, the removal of water," 
whereby the surface layer is disturbed or weakened, results in the 
time of set being reduced, as is shown by the effects of sodium, 
potassium, and even ammonium carbonates, certain sulphates, and 
borax. Chlorides had little effect and nitrates none at aU. 
Although in certain cases the action of soluble salts on cement is 
definitely a chemical one, double salts, for instance', being probably 
formed when calcium sulphate is added, it cannot be said that this 
is always so, and it may be ultimately proved that the action 
is in general catalytic. 

A notable result is that in some instances the presence or absence 
of water of cr 3 rstallisation in the added Shit was the determining 
factor in the time of setting. The main object of the research was 
to determine the action of gypsum as a retarder of setting, and 
the conclusion arrived at is that its action is irregular and uncertain. 
In this respect retardation by steam or water is considered preferable. 

The thermal reactions occurring during the dr 3 Tng and burning 
of cement have been examined by R. Nacken,’® who finds that the 
heat of reaction undergoes a slow increase after the carbon dioxide 
has been expelled until at a temperature of 950° C., the maximum 
value of 600 calories per gram is attained. It appears that "the 
slow reaction is the expulsion of carbon dioxide, and that when this 
is complete the formation of calcium silicates and aluminate is 
relatively rapid and occurs at the greatest rate at about 960° C., the 
condition of equilibrium being reached very quickly. 

Another contribution to the study of the setting of cement is 
given by Sf N. Brown,*® who considers the subject from first 
principle and goes on to make some interesting remarks. The chid 

Ztmwt, 1922,11, 246, 267 j J., 1922, 816 a. 

'‘•Ohm. Trade J., 1923, 78, 127. 
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agent in the setting of cement is considered "to bo alximiiia, an 
increase in the content of which is accompanied by an augmented 
speed of set, and it is because gypsum removes alumina from 
solution that this substance functions as a retarder. The helpful 
observation is made that the contamination of the cement by the 
ash from the fuel used in burning will affect the setting time 
adversely through its content of salts, and it is because of the 
absence of ash in rotary-kiln cements that 1-2% of gypsum is 
usually added to produce a product with a normal setting time. 
It is maintained that 60% of Portland cement consists of material 
in so largo a state of division as to be replaceable by sand. 

E. Berl and W. Urban,*’ working with pure precipitated matenkls, 
have studied the cnishing strengths of cements made up of lime, 
alumina, and silica after being allowed to harden without‘heat 
treatment. The maximum crushing strengths of mixtures of each 
pair of constituents in varying molecular proportions were measured 
first and then comjilex mixtures containing the three components 
were studied. The paper might be easily considered as too academic 
for practical application, but although this is true to a certain 
extent, the results obtained have a bearing of definite value upon 
cement research. 

Much work continues to be done on the question of the water¬ 
proofing of cembnt, and it is highly satisfactory to note that the 
College of Technology of Manchester has obtained such good results 
from the substitution of some of the sand in cement with the 
preparation called Kynazite.** Not only was the waterproofing 
sufficiently good to withstand water under pressure, but the 
compression tests on thte product showed an increase in strength. 
If, however, the whole of the sand was replaced by Kynazite the 
strength was reduced to 50% of that of plain concrete, but the 
imperviousness was of a very high order. 

Some useful results establishing the relation between the temper¬ 
ature of drying plaster and its absorptive power have been obtained 
by P. Jolibois and P. Eefebvre,** the absorptive power being 
measpred by the capability of the plaster to absorb iodine vapour. 
This property was progressively lowered by drying at increased 
temperatures, until it was reduced to a negligible quantity by 
desiccation at 800° C. These experiments and others upon the 
absorption of water by plaster dried between 120° and 300° C., 
were carried out with an accuracy* which gives a high degree of 
reliability to the results obtained. 

« Z: angew. Ghem., 1923, 88, 273 j J., 1923, 777a. 

Anon., C/(cm. Age, 1923, 8 , 238. 

«» Cornpm rend., 1923,176,1476 ; J., 1923, 659a. 
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By 0. Bannister, M.Eng., Assoc.R.S.M., 

Professor of Jfplalh'rgt/, Vnive.rsily of Liverpool. 

1’iiK question of production in the iron and steel industries is of 
such vital importance, that the tables given in the last two reports 
are continued here, the figures being taken from the Bulletins of 
tl)f National Federation of Iron and Steel Manufacturers 


Pruduclion of Pig Iron in the United Kingdom, 
(In thousands of tons.) 


Total 
iacludmg 
alloys and 

Month and other 


year. 

Hferaatito. 

Basie. 

Foiuidn* 

Forge. 

qualities. 

1922 : 

Oct. 

.. 129-9 .. 

151-1 

.. 1,34-0 

31-5 

.. 481-6 

Nov. 

148-() .. 

145-0 

.. 134-9 

.. 33-1 

.. 493-5 

Dec. 

.. 179-0 .. 

163-2 

.. 136-1 

.. 31-4 

.. 533-7 

1923— 

Jan. 

.. 188-1 .. 

180-0 

.. 138-6 

.. 30-8 

.. 667-9 

Feb. 

.. 174-0 .. 

184-8 

.. 125-9 

.. '30-3 

.. 543-4 

March 

.. 208-3 .. 

204-8 

.. 144-7 

.. 45-9 

.. 633-6 

April 

.. 226-4 .. 

207-2 

,. 144-7 

.. 38-8 

.. 662-2 

May 

.. 262-1 .. 

217-9 

.. 158-8 

.. 44-1 

.. 714-2 

June 

.. 246-7 .. 

215-2 

.. 146-5 

.. 41-6 

.. 692-9 

July 

.. 218-9 .. 

200-6 

.. 147-2 

.. 44-7 

.. 855-1 

Aug. 

.. 184-4 .. 

186-6 

.. 154-7 

.. 33-9 

.. 699-8 

ISept. 

.. 166-2 .. 

182-6 

151-1 

.. 24-0 

.. 558-6 


Proiuciion of Steel in the United Kingdom* 


(In thousands of tons.) 

All other 


Month and 

Open-hearth. 

Bessemer. 

ii^ts and 
castings. 


year. 

Acid. 

Basic. 

Acid. 

Basic. 

Total. 

1922— 

Oct. 

167-0 

360-0 .. 

15-6 

16-1 

.. 6-5 .. 

565-2 

Nov. 

175-9 

384-3 .. 

18-8 

15-2 

.. 6-6 .. 

000-8 

Dec. .. 

163-1 

348-1 .. 

17-6 

11-9 

.. 5-4 .. 

546-1 

1923— 

Jan. 

183-2 

398-6 ., 

.31-1 

14-2 

.. 7-0 .. 

63#1 

Feb. .. 

235-4 

428-7 .. 

24-7 

11-2 

.. 7-1 .. 

707-1 

March .. 

262-7 

493-2 .. 

23-0 

14-4 

.. 9-2 .. 

802-5 

April 

226-0 

473-9 .. 

25 8 

16-0 

.. 8-7 .. 

749-4 

May 

273-0 

485-2 • .. 

38-5 

15-2 

.. 9-1. .. 

821-0 

.luno 

226-6 

475-4 .. 

44-1 

11-3 

.. 10-4 .. 

767-7 

July 

186-1 

402-1 .. 

33-2 

9-9 

.. 9-2 .. 

639-5 

Aug. .. 

164-0 

357-2 ., 

31-0 

6-1 

.. 9-2 .. 

687-6 

Sept. • .. 

194-0 

444-7 .. 

37-8 

9-3 

.. 9-3 .. 

695-1 


It will be seen from these tables that the improvement indicated 
in the last report continued more or less steadily until June and 
that the figures show considerable increases over those published 
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last year. The steel production figures are partitfularly interesting, 
as they indicate the increasing relative importance of the basic 
open-heath process over the acid process, and the decreasing value 
of the basic Bessemer process as a steel producer. 

Manufacture of Iron. ' 

In connexion with blast-furnace practice, chief attention seems 
to have been given during the past year to such questions as the 
preparation of the charge for the furnace, the cleaning of the blast¬ 
furnace gas, the treatment of flue dust and fuel economy. There 
is little to report as regards new plant, but this was to be expected 
from the continued depression in trade. The new furnace recently 
installed at the Clarence Iron Works, Middlesbrough,^ Ls 85 /eet 
high, is equipped with a battery of seven dust catchers, a Wrightson 
Ringquist type charger for buckets holding 8 tons of ore or 3 tons 
of coke, 6 Cowper stoves, and a Kling-Weidlein type gas cleaner, 
comprising four units, each of a capacity of 15,000 cubic feet per 
minute. There is also a sintering plant with an output capacity of 
600 tons of sintered ore in 24 hours, and a plant for the manu¬ 
facture of slag bricks. This plant is thus a typical example of the 
modem tendency to improve methods of charging, gas cleaning, 
. efficient heating -of blast, preparation of fines, and utilisation of 
slag. 

Chemical methods of iron ore purification are described by 
A. J. Moxham,® who has carried out an investigation extended 
over many years. In the preparation of the cWge for blast 
furnaces by sintering, R.<L. Lloyd’states that sinter of very poor 
quality is obtained from flue dust containing too much carbon, in 
a Dwight-Lloyd furnace. The plant works at its maximum 
capacity and the product is strongest when the fines contain 8% 
of coke, and dust containing larger percentages should be mixed 
with pyrites cinders or fine ores to reduce the carbon to this figure. 
The product in all cases is^a coke-hke mass of ferroferric oxide, 
jWhich is extremely porous and eminently suitable for blast-fumace 
work, ^eing quickly reduced by the gases; in addition, practically 
all, Ijie sulphur is removed during the sintering process. Another 
process used for the briquetting of flue dust, the so-called corrosion 
process, is described by A. L. Stillman.* The term “ corrosion ” 
is used beoauM an acid agent, such as wire-miU liquor or a solution 
of copperas, is employed to act on the ferrous oxide present in the 
flue dust, resulting in the formation of iron sesquioxide, which acts 
as a dense, hard, waterproof binder. 

’ Iron and Coal Trades Bev., 1923,106, 111. 

* Irm Age, 1923, 111, 31. 

‘Min. and Met., Oct., 1922 j J., 1922, 899a. 

‘Iron Age, 1922, 110, 1571. 
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The changes which take place in the composition of blast-fumaoe 
gas during the blowing-in and blowing-out of furnaces and also 
during the change of charge mixtnres_ have been studied by 
P. Greimer.® 

Easily reducible ore charges increase the COj/CO ratio, whilst 
refractory ores diminish it. The change in the COJCO ratio on 
charging a new mixture is completed in two steps, one in a zone at 
about two-thirds the heightf the furnace and the second at about 
the position of the boshes or hearth. From the position of the 
two changes in compciition of the gas, the blast furnace may be 
divided into three reduction zones, in which the following re- 
aetions occur respectively: indirect reduction by means of cacbon 
monoxide, mixed indirect and direct reduction, and direct reduction 
by*means of carbon. 

The cleaning of blast-furnace gas is dealt with by F. E. Kling,® 
especially as regards dry-hot cleaning. This method of cleaning 
has many advantages over wet-cold cleaning in that the sensible 
heat of the gas is retained, no water is required and therefore no 
settling tanks. The labour costs in handling the dust are less 
and the dust can be sintered and briquetted immediately, while 
sludge from the wet process has to be dried. Full details are given 
for a Halberg-Beth plant and a Kling-Weidlein plant with a 
capacity of 3,500,000 cub. ft. per hour. The first cost and operating 
cost of the latter plant are much lower but the degree to which the 
gas is cleaned is much higher in the Halberg-Beth plant, being 
0'004 grain as compared with 0-3 grain of dust per cub. ft. in a 
single-stage Klein-Weidlein and 0-1 grain in a two-stage cleaner. ■ 

The desulphurising power of iron blast-furnace slags has been 
studied by R. S. McCaffery and J. F. Oesterle,’ who determined the 
solubilities of calcium and manganese sulphides in calcium bisilicate, 
anorthite, and gehlenite in the temperature range 1350°-1600° C, 
The curves obtained show a marked increase in the solubilities witlj 
rise of temperature. In the blast fuijiace, desulphurisation of the 
metal is promoted in the hearth by contact between metal and 
slag and the presence of large quantities of low-sulphur slag on the 
metal should be beneficial, hence the number of slag runnings 
between the casts should be reduced to a minimum. 

The reactivity of coke as a factor in the fuel economy of the blast 
furnace has been studied by E. R. Sutcliffe and E. C. Evans.* 
The highest carbon duty hi a blast furnace is given By a fuel which 
possesses the greatest capacity for combustion in extremely dilute 
oxygen, as exemplified by the superiority of charcoal over metal- 

‘ StaM u Eirni, 1923. 43, 681 ; J., 1923, 779a. 

’ Blast Furnace and Steel Plant, 1923, 11, 44. 

’ Amer. Inst. Min. and Met. Eng., Aug., 1923; X, 1923, 932a. 

•X Iron and Steel Inst., 1928, 107, 27 j X, 1923, 562a. 
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lurgical coke. An “active” coke kaviiig mmufe cells with thin 
cell walls can be produced by the slow carbonisation of briquettes 
made from a finely divided coal mixture. Using a suitable methofl 
of production, a fuel can be obtained possessing a hardness equal 
to that of metallurgical coke, a density approaching that of coal, 
and a reactivity of the order of that of charcoal.® The use of Such 
a fuel would concentrate the process of reduction nearer to the 
hearth, less limestone would be requfced and less volume of blast 
would be necessary with consequent reduction in the sensible heat 
leaving the furnace. Owing to the increased amount of direct 
reduction, the carbon requirements of the furnace would probably 
be much lower than is normally the case and the output of the 
furnace would be increased. 

The combustion of coke in the blast furnace hearth is also dealt 
with by G. Perrott and S. P. Kinney,*® who give the results of a 
number of experiments made at eleven blast furnaces in which the 
composition of the gases was determined hy means of water- 
cooled gas-sampling tubes driven through the tuy&os. 

The forms of sulphur in coke and their relations to blast-furnace 
reactions are discussed by A. R. Powell.** There are four character¬ 
istic sulphur constituents of coke, viz., ferrous sulphide, absorbed 
free sulphur, sulphates, and sulphur held in solid solution in the 
carbon. In the reduction zone of the furnace the free sulphur 
forms ferrous sulphide and the sulphates are reduced and also 
form ferrous sulphide. In the zone of spongy iron, a considerable 
amount of sulphur is taken up by the iron from the coke. The 
removal of ferrous sulphide from the coke or its conversion into 
calcium sulphide by liming the coke, largely eliminates this 
absorption of sulphur. In the zone of preliminary slag formation 
and in the combustion zone, the absorption of sulphur by the iron 
is largely prevented and the iron is desulphurised by the slag. In 
the combustion zone the slag also removes from the iron, the 
excess sulphur which entered the iron in the spongy iron zone. 

The fast driving of Cowper stoves by the Pfoser-Strack-Struram 
process, with a view of cutting down the number of stoves necessary 
and hicreasing the efficiency of the process of heating the blast, is 
described by P. Lemoine.*® The process consists of increasing the 
' rate of the passage of the products of combustion in a modified 
Cowper stove, in order to obtain, without any increase in the 
temperature of the waste gases, either a diminution in the period 
of heating, or, given equal periods of heating, an increase in the 
blast temperature, or both results simultaneously. Special 

• Of. J., 1922, 196t. 492a. 

*'> Amor. Inst. Min. and Mot. Eng., Feb., 1923. 

** Ibid., Feb,, 1923 j J., 1923, 466a. 

“ Bcv. MH., 1923,20,88 ; J. Iron and Steel Inst., 1923,107,642 
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arrangements of* the refractory bricks are required and an 
accessory installation of blowing appliances and fans. Tests have 
shown advantages for octagonal bricks over hexagonal bricks in 
the stoves. 


Manufacture of Steel. 

There are no outstandl.., developments to bo reported in 
connexion with the methods used for the production of steel, but 
much useful information is being accumulated as a result of detailed 
organised investigation of steel-making processes. This is parti¬ 
cularly the case with regard to the open-hearth process which is 
by far the most important of the processes, and such questions as 
reactions in the furnace, composition and functions of the slags, 
manurlal value of basic slags, etc., have received a considerable 
amount of attention. 

According to C. C. de Goussergnes,^’ the most important factor 
in steel manufacture is the attainment of the highest possible 
temperature and, therefore, it is necessary to heat up the bath 
rapidly to the highest required temperature. He points out, 
however, that the selective action of oxygen leads to different 
reactions at different temperatures and these require careful 
investigation before the best practice can be obtamed. In the 
quick driving of basic open-hearth furnaces three periods should 
be recognised, viz., period of formation of slag and oxidation, period 
of deoxidation by phosphorus, and period of deoxidation by carbon. 
A study has been made of the basic open-hearth process, especially 
with regard to the oxygen content of the steel produced and its 
influence on the properties, by H. Monden.” The oxygen content 
is derived chiefly from the charge and is highest when the greatest 
quantity of old rusted scrap is used. 

The behaviour of manganese in basic open-hearth furnaces has 
been investigated by P. Oberhoffer ^nd P. Krerber,i® especially 
with regard to the conditions under which it is re-absorbed from the 
slag by the steel. There appear to be no simple relations between 
the manganese reduction and the following factors, such as have 
been previously suggested : the basicity of the slag, the addition of 
oxides, the form in which manganese is added, the ratio between 
manganese oxide and iron oxide in the slag and metal, and the 
actual amount of oxide of iron in the slag. No relation was found 
between the amount of carbon in the steel and the oxygen combined 
with the manganese and iron, but it is suggested that the amount 
of oxygen m the air introduced for combustion has some effect. 

“ Bev. MU., 1922, 19, 639 ; J. Iron and Bed Inst., 1923, 107, 666. 

“ilto/tl «. Eisen, 1923, 43, 745 ; J., 1923, 778a. 

Ibid., 1923,48,329 i J., 1923, 466a. 
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The constitution of basic open-hearth slags and its relation to 
furnace reactions has been studied by T. P. Colclough.^® The 
rational analysis of a number of melting slags of varying compo¬ 
sition showed that the fundamental slag in a basic open-hearth 
furnace is composed of calcium tetraphosphate with a monosilioate, 
in which hme, magnesia, or manganese may be the basic radicle. 
The type of compound is not altered by adding basic oxides, which 
merely pass into solution, but hme may replace manganese oxide, 
which in turn may be reduced to manganese under certain con¬ 
ditions. The amount of excess of base present is very important, 
as the amount of phosphorus oxidised depends entirely on the 
excess of base present above that required to form a monosilicate 
with the silica present, and further addition of lime will therefore 
cause a preferential removal of phosphorus, rather than of carbon. 
The removal of sulphur from the molten metal is not directly due 
to the presence of free lime in the slag, but to the action of manganese 
which has been replaced from the slag by lime. 

It. is known that basic open-hearth fluorspar slags, as far as their 
fertilising properties are concerned, cannot be compared with the 
older Bessemer slags and that the citric-solubility test is entirely 
empirical; the i vestigation carried out by D. N. McArthur^' on 
the constitution and manurial value of low-grade basic slag should, 
therefore, be of value. The slag experimented with was obtained 
from an ordinary charge made from basic p g iron and steel scrap, 
fluorspar being used. The conclusions arrived at are : (1) Open- 
hearth fluorspar slags of low phosphorus content have a distinct 
fertil sing value in their lime content and could be used to replace 
ground limestone in agricultural practice. (2) The fineness of 
division of a slag is important, the finely ground material being 
more beneficial than the coarsely ground material. 

In connexion with the Bessemer process, E. Spetzler^® has 
^pointed out that the physical properties of basic Bessemer steel 
depend more on the temper",ture at which it is blown, than on the 
chemical composition. He gives the results of an investigation 
into the sources of the loss of hea of the iron from the blast furnaces 
through the mixer to the converter and some details of the means 
employed to reduce this loss. 

An interesting inversion of the ordinary Bessemer process is 
suggested in a patent by A. P. Heyu.** Waste slag, for example, 
the product from the smelting of non-ferrous ores containing an 
appreciable quantity of iron, is smelted with a suitable mixture of 
rich iron slags or ore, in order to give a silicate slag of Jow melting 

“ J, Iron and Steel Inst., 1923, 107, 267; J., 1923, 663a. 

”J., 1923, 213t. 

Stahl «. Eiaen, 1923, 48, 1316 j J., 1923, U79a. 

“E.P. 193,476 J J., 1923,407a. . ' 
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point, the iron iif which is reduced to the metallic state by the 
passage of reducing gases through the molten mass. 

A comparison of American and English methods of producing 
high-grade crucible steel is made by T. H. Nelson,®* who states that 
80% of the crucible tool steel made in Sheffield is still produced in 
cokc‘iiole furnaces using clay pots. In America, gas-fired furnaces 
and .plumbago pots are always used. The plumbago pots give 
5 to 10 heats as compared witr 3 from clay pots. The disadvantagf 
of the plumbago pots lies in the fact that carbon is absorbed by the 
liquid steel and it is not possible to forecast with any degree o: 
accuracy to what extent this carbon absorption will take place 
B 3 Pthe introduction of ladle teeming a greater degree of uniformiti 
has been established. The comparative production figures are 
En^ish practice, 4500 lb. in three heats; American practici 
18,000 lb. m six heats. 

Foundry Practioe, Castinos, etc. 

In general foundry practice, although there is nothing of out 
standing importance to be reported upon, a considerable amoun 
of attention has been given to questions relating to mouldinj 
sands, arrangement of moulds, temperature of pouring, etc., witl 
a view of improving the quality of castings, cutting down th 
number of wasters, and thus leading to inereased efficiency of th 
processes mvolved. Volume changes of castings on solidificatioi 
influence of impurities on shrinkage and segregation, internal chill 
in castings, etc., have also received attention. 

Some of the characteristics of mouldirig sands have been deal 
with by J. E. Fletcherwho has described a method of indicatin 
these characteristics by subsidence curves. 

The contraction of iron during sohdification is a matter of ver 
great importance and an exact knowledge of the various factoi 
which influence the amount of contraction is most desirable. The 
influence of various elements in this ditection has been studied by 
F. Wiist,^ who shows that the contraction of pure iron frwm the 
solidifying temperature is 2-39%. It is diminished by carbon, 
1-7-2% of this element giving minimum contraction efl 1^%, 
but this increases as the carbon is further increased. Phosphorus 
diminishes the contraction to l-3%at 1-7% P and further additions 
increase it. Silicon diminishes the contraction to 1-7® j at a content 
of 18-24 Si. Manganese was the only element found to increase 
the contraction, which rose to 2-89 at 15-5% Mn. Sulphur dimin¬ 
ishes the contraction rapidly up to a content of 1%, and afterwards 

“ Trans. Amur. Soc. for Steel Testing, 1922, 8, 279 j J. Iron and Steel 
Inst., 1923, 107, 665. 

J, Iron and Steel Inst., 1923,107, 139. 

I'SUMv. Eisen, 1923, 48, 713 ; J., 1923, 779a. 
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more slowly. Nickel diminishes the contraction very little, with a 
minimum at about 26%. Chromium diminishes the contraction 
uniformly to 1-8% at a content of 214% Cr. 

Castings having a structure of pearlite and graphite have been 
produced by 0. Bauer'^’and these, although only slightly harder 
than ordmary castings, gave higher bending, tensile, and impact 
tests and were at the same time readily machinable. 

These castings, which are spoeially'suitcd for parts of .steam and 
internal-combustion engines and machine parts requiring high 
resistance to wear, are obtained by suitable adjustment of the 
cupola charge and slow cooling of the casting by the use of a pre¬ 
heated mould. * 

According to F. Wiist and P. Bardenheuer,^* the most important 
characteristic of semi-steel is the carbon content, which should be 
between 2-5 and 3’1%. A higher carbon content than this results 
in the precipitation of too large a quantity of coarse graphite, and 
a lower content results in a reduction of the tensile strength, unless 
the silicon and manganese are considerably increased. For small 
castmgs, crucible melting is most satisfactory, whilst for large 
castings the electric furnace gives the most complete desulphuri- 
sation and therefore the strongest castings. 

The progress made in the manufacture of apparatus in high- 
eilicon iron is shown by A. B. Scorer ““ to have been fairly rapid in 
late years. A short time ago, a simple cascade basin for an acid 
concentration plant was thought to be a meritorious performance 
but now, apparatus to be used under onerous eonditions, such as 
centrifugal pumps etc.) can be manufactured in acid-resisting 
material. 

With regard to the welding of cast iron, difficulties have been 
encountered chiefly owing to the junction of the weld being marked 
by a thin layer of white brittle iron, which is a source of weakness. 
Lebrun^'has shown how the difficulty may be overcome by the use 
of grey iron electrodes codted with a mixture containing a large 
percep-tage of carbon and preferably also of silicon. When formed 
in this way, the metal of the weld remains liquid sufficiently long 
forisnough carbon to enter into solution to compensate for that 
lost by oxidation. Heatmg of the pieces to be welded, to 600° C., 
is necessary to prevent the weld metal solidifying too quickly. 

The condi,tions which cause the increase in volume of iron 
castmgs during repeated heatings have been studied by J. Durand*’ 
with a view of determining the degree of importance of the various 

“ StaU u. Eiaen, 1923, 48, C03 j J., 1923, 722a. 

Kaiser Wilhelm Inst. Eisenforsch., 1922, 4, 126 ; J., 1923, SSHa. 

“V., 1923, 240t. 

Rev. Mil., 1923, 20, 248. ‘ 

® Complea rend., 1922, 175, 622 : J., 1922, 899a. 
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factors affecting i?. In the experiments, five cycles of temperature- 
change from 000° to 900° C. were used and the increase in volume 
was found to become smaller on each successive heating as the 
amount of free gra])hite deposfted docrease-d at each stage. As 
the growth varies inversely w-ith the rate of heating and directly 
as tile silicon content, it is only of imjiortance when the silicon is 
high and the casting Ls hsate-’ dowly. It follows that stresses will 
be set up in the material it the uemperature varies from one point to 
another during heating. 

An investigation of the process of manufacturing malleable iron 
castings has been conducted by P. Oberhoffer and J. Welter,^* 
dufing which the influence of composition, aimealing temperature, 
and oxidising matciial used on the properties of the malleable 
castings was studied. With similar amiealing conditions, an active 
oxidising medium, such as hmmatite, induces a higher impact value 
than a leas active medium, such as mill-scale. Employing a higher 
annealing temperature when usmg a moderately active medium 
with irons of higher sulphur content, enables a further increase of 
the impact value to be attained, which exceeds that obtained by 
using a more active medium. Manganese practically neutralises the 
effect of sulphur and during the annealing this sulphm: is not reduced. 
With higher sulphur, present as iron sulphide, there is a decrease in 
sulphur content. 

The nature of the temper carbon separated from malleable 
castings has been examined by L. Northcott.®* On comparing the 
product obtained by separation with natural graph'tc and lamp¬ 
black, the following figures were, obtaintid : maximum density, 
lampblack 1-5, graphite 2-33, temper carbon 2-48. Ignition 
temperature, lampblack 650°, graphite 670°, temper carbon 650° C. 
On treatment with potassium chlorate and strong nitric acid, the 
tentper carbon yielded graphitic acid, and it is confirmed beyond 
doubt that temper carbon is not amorphous carbon, but graphite 
in a fine state of division. 

PROPBETIKS OB IrON AND StEBL. 

A large amount of investigatory work has been carried out bn 
the preparation and properties of alloy steels, and the effect of the 
addition of elements not commonly met with in commercial 
steels is the subject of research in many lab< ratori'>s. Results 
obtained by H. W. Gillett and E. L. Mack®*indicate that addition® 
of uranium, boron, titanium, zirconium, and cerium have little 
effect or do agtual harm to the steel, causing inclusions and segre¬ 
gation and showing low and variable recoveries. Molybdenum on 

” SbM u. Eiaen, 1923, 43, 105 j J., 1923, 467a. 

•' J. Iron and Steel Inst., 1923,107, 491 ; J., 1923, 722a, 
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the other hand proved to be a true allo 3 dng element comparable 
with nickel, chromium, or vanadium, showing no segregation and 
giving a quantitative recovery. With the exception of carbon, 
molybdenum is the most active element used in steel as judged by 
its influence on the mechanical properties, especially after heat 
treatment. It increases the depth of penetration of hardening 
eSect so much that many steels containing molybdenum will 
harden throughout on oil quenchmg, which without molybdenum 
would not harden to the centre on quenching in water. 

The effect of the addition of carbon and manganese to pure iron 
has been determined by R. P. Neville and J. R. Cain,®* who show 
that for each 0-01% of carbon up to 0-7%, the ultimate streilgth 
of the resulting alloy is increased by 876 lb. to 1150 .b. per sq. in. 
and the Brinell hardness by 1-8 to 2-6, the effqfct being greater, the 
higher the manganese content. By the addition of 1% of carbon, 
the elongation and reduction of area of pure iron were reduced 
from 40-5 and 82-6% to little greater than zero, whilst further 
increases in carbon had little effect on the ductility. For each 
addition of 0'01% of manganese, the ultimate strength and 
proportional limit were increased by only about 90-250 lb. per sq. 
in. and the Brinell hardness by 0-5. Manganese has little effect on 
the ductility. Further work has been carried out on the effect of 
manganese additions to carbon steels by H. S. Rawdon and F. Sillers, 
junr.,®® who find that these additions not only lower the trans¬ 
formation points to a degree corresponding with the proportion of 
manganese added, but also make the steel less responsive to struc¬ 
tural changes than most other elements, which have a similar effect 
on the critical temperatures. In annealed steels, manganese gives 
rise to a very fine grained pearhtic or sorbitic structure and in any 
given steel, addition of manganese results in an increase in the 
relative proportion of pearlite and a corresponding increase in 
the Brinell hardness. Manganese additions also cause a reduction 
in the carbon content of t^e eutectoid; with 1 %, this is reduced to 
0-78% C. In rapidly cooled alloys, a decrease in grain size accom¬ 
panies an increase in manganese content, but no such effect could 
be detected in the annealed alloys. 

ihe effect of temperature on the mechanical and microscopical 
properties of low carbon steel (0'16% C), has been investigated by 
G. C. Priester and 0. E. Harder.®® ^The results of this work showed 
maximum vtilues for maximum stress, yield point, and proportional 
limit at about 300° C., although these values did not exceed the 
corresponding values at 20° C. As the temperatures at which the 

“ V.S. Bureau oj Standards, 8m. Paper No. 463, 1822, IS, 411; J., 1923, 
31U. 
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tests were carried out increased from 300° to 600° C., the values 
decreased to an extent corresponding closely to a stra^ht-line 
function. The alteration in reduction of area and elongation was 
of a converse order. Increase in the temperature of drawing 
caused a corresponding increase in the impact toughness and also, 
abov.. 100° C., in the tensile strength as indicated by impact tests. 
Changes in the microstruoturo followed the changes in the mechanical 
properties in the range 4,-, -600° C., but no evidence of the 
maximum and minimum points at 300°, as shown in the mechanical 
tests, was obtained. The effect of temperature deformation and 
rate of loading on the tensile properties of low-carbon steel below 
th* thermal critical range has been determined by H. J. French,®^ 
who has found that the maximum ductility occurs in longitudinal 
tesH between 200° and 300° C., but in transverse tests between 
160° and 300° C. Cold-roUod stool after heating to 295° C. for a 
short time showed a decided increase in proportional limit with no 
change in tensile strength or ductility. The effect of variation in 
the rate of stress application was studied by moans of an apparatus, 
which photographed simultaneously the indicator readings for 
stress and strain on a cinematograph film. These show that up to 
blue heat the tensile properties of steel are independent of the rate 
of loading, but at 465° C. the tensile strength increased slightly 
with the rate of loading. 

Certain changes which take place in the properties of iron and 
steel at temperatures below 280° C. have been investigated by 
F. C. Thompson and E. Whitehead.®* For example abnormalities 
are found in the rate of increase of electrical resistance and of- 
thermo-electric power when used in conjunction with platinum at 
temperatures of 55°, 100°, 120°, 140°, 220°, and 245°. The changes 
which occur at 120° and 220° are the most important as they 
influence the mechanical properties of the metal. It is not con¬ 
sidered as probable that the abnormalities are due to allotropio 
changes. Iron carbide exhibits two well marked abnormalities 
a similar nature at 160° and 220° C. It is not clear whether these 
are distinct points or are the ends of a single transformationwange; 
The electrical resistivities of iron and high-carbon steels quenched 
from 280° C., are found to be different from those obtained After 
slow cooling, but when the quenched material is kept at the ordinary 
temperature, spontaneous tempering takes place, the value of the 
resistance becoming practicafly identical with the elowly cooled 
material after about 12 days. 

Among the iron alloys requiring peculiar conditions for successfid 
working, may be mentioned silicon steels containing more thag 


•* t7.S. Bureau oj Standards, Tsch. Paper No. 219, 1922, 16. 679 : J.. 
1928, 811a. 

»* Pros. Boy. Soe., 1923, A 19St, 687 ; J., 1923. 227a. 
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4'2% Si. These steels have been investigated by N. B. Pilling,®® 
who finds that they are too brittle for satisfactory shaping by 
punching or similar operations and that the brittleness is not 
permanently removed by heat treatment, but that at a temperature 
of 100° C. the steels arc sufficiently ductile to be worked. Aluminium 
is found to have a similar effect to silicon. '■ 

The increased brittleness of iron which has been galvanised and 
quenched in the usual way has been<shown by W. R. Bean®’ to be 
independent of the zinc coating and due to the presence of 
phosphorus and silicon in the metal. The exact mechanism of the 
deterioration has not been determined, but a similar effect is pro¬ 
duced by quenchmg iron which has not be subjected to a molten 
bath of zinc, the deterioration being intercrystalline. ^ 

The danger resulting from the possible inclusion of tmplate 
scrap in steel furnaces, resultmg in the finished steel containing 
small quantities of tin, is illustrated by results obtained by J. H. 
Whiteley and A. Braithwaite,®® who have determined the effect of 
tin on low- and medium-carbon steels. They show that small 
quantities of tin are liable seriously to impair the ductility, as in 
steel rails, even 0-06% may be unsafe. The harmful effect of tin 
apparently increases with the carbon content, for in mild steels the 
above amoimt has, apparently, no detrimental effect. 

Metallogeaphy. 

The structure of martensitic carbon steels and the changes in 
microstruofure which occur upon tempering, have been studied by 
H. S. Rawdop and S. EpStein.®® They show that the coarseness of 
the martensitic structure depends almost entirely on the quenching 
temperature and very slightly on the period of heetipg. Eaeh 
crystal of austenite is transformed on quenching into a system of 
martensite needles having a different orientation from neighbouring 
crystals. The conspicuous martensite crystals are lower in carbon 
than the filling material, ^s evidenced by the behaviour of the 
completely tempered specimens towards etching reagents. The 
structural changes during tempering below 250° C. are slight, but 
are shown by the difference in the rate of etching of martensite by 
alkaline oxidising reagents. Martensite and austenite, if retained, 
are completely transformed at 250° C., the steel assuming a granular 
appearance. .The scleroscope hardness of the steels decreased very 
slightly up to 250°, then more rapidly. Increase in the temperature 
before quenching, or prolonged soateig before quenching, produced 

•*Amer. Inst. Min. and Met. Eng., Feb., 1928 ; J., 1928, 4S?a. 

» Ibid., Feb., 1923 j J., 1923, 458a. 
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110 marked effect on the hardness of the steels. On the other hand, 
the uniform cellular martensitic structure of a steel containing 
C 0-38, Mn 0-52, Si 0-2, Cr 1-08, and Ni 1-87% was not changed 
at all by tempering up to 704° C., nor was any change noticed by 
H. B. IVlsifer and 0. V. Greene “ in the ground mass, grain size, or 
width of the grain boundaries in this steel, although considerable 
alteration of the physical properties took place as a result of the 
treatment. The mechanism ■. hardening has been further studied 
by S. Matsushita,who has used a special apparatus for recording 
the change in length of rods during quenching. 

The effect of quenching mild steeLs containing less than 0-1% C 
from ordinary hardening iomperatures is to show little increasq in 
the hardness number or tensile strength, but M. Sauvageot and 
H. Belmas^^ have shown that if quenched from very high temper¬ 
atures, a considerable increase is .shown in both these properties. 
Bars quenched at 1350° C. showed ferrite and sorbite, at 1400° the 
transformation to martensite was incomplete, but at 1450° only 
martcn.sitc was present and large crystals had developed. The 
critical temperature of quenching is known to increase with decrease 
of carbon, and the same authors*® have shown that this critical 
temperature reaches the melting point for a steel with a carbon 
content slightly below 0-09%, the manganese being 0-33%. They 
conclude from their experiments that the hardening of perfectly 
pure iron cannot be effected, even at very high temperatures. 

An examination of steels containing globular ccmcntitc has been 
made by C. H. Desch and A. T. Roberts,** who show that the. 
maximum strength of the steels falls progressively with advancing 
conversion of the cementite to the globulstr form. Various makes 
of safety-razor blades were examined and were found to consist of 
minute globules of cementite embedded in an apparently structure¬ 
less ground mass. It was found that, on heating, solution of the 
isolated globules of cementite takes place very slowly. The 
resistance of a blade to wear probably increases with the uniformity 
and regular distribution of the cementite particles. 

N. T. Belaiew** replies to F. Giolitti’s*® survey of his theqry of 
the secondary structures m steel and points out that the trans¬ 
formation of the dendrites first formed ih the solidification of steel 
into y-iron involves recrystallisation into independent granules of 
austenite. The dimensions and distribution of the granules 
depend on the condition of cooKng in the austenitic zone, and while 

« CAem. and Met. Sng., 1923, 28, 354 ; J., 1923, 312a. 
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the general polyhedral structure is produced, thfc number and dis¬ 
tribution of nuclei and subsequently of grains are altered. It is 
considered that the granulation zone is the true y-iron zone. The 
primary conditions for obtaining a well-defined Widmanstatten 
structure is the development of large grains of austenite in the 
granulation zone, the subsequent secondary crystallisation being 
controlled so as to cause the maximum quantity of ferrite to 
cr 3 ™taUise out along the cleavage planes of the large granules. 

The effect on the grain growth of Armco iron, of annealing at 
temperatures below 050° (1., has been studied by L. E. Benson 
and F. C. Thompson,who have shown that the grain size increases 
‘at a rate depending on the temperature, rapidly during the first iew 
hours, then more slowly, eventually reaching a maximum whigh is 
greater the higher the temperature. At 650° the growth stops 
rather suddenly after five hours and is much less than the maximum 
attained at 500°. At 800° the growth is much more rapid and is 
still continuing after 40 hours. Similar results arc obtained by 
annealing low-carbon steels below 700°. 

A considerable amount of attention has been given to the 
occurrence of nitrogen in steel and its effect on the properties etc. 
A. Fry^® considers that iron forms two nitrides, FcjN containing 
1M%N and stable up to 400° C., and FciN containing 5-9% N, 
stable up to 560° C. Above 560°, the latter compound breaks up 
into a solid solution containing 0-5% N and a eutectoid of Fe 4 N 
and a solid solution containing 1-5% N. On cooling, this becomes 
magnetic below 480° and it is also magnetic above 740° C., On 
treating pure iron udth ammonia at 680° C. two nitride layers are 
formed, the outer one containing more than 8% N and the inner 
one consisting of twinned crystals of Fe 4 N. In the presence of small 
quantites of carbon, iron that has been treated with ammonia at 
600°-800° C. shows between the outer layer of nitride and the 
unchanged iron of the interior, a zone of iron-nitrogen eutectoid, 
braunite. Both the outer and iimer nitride layers are much harder 
than ordinary iron, but both are too brittle to be of practical use. 
If ail alloy steel, containing titanium, chromium, manganese, 
aluminium, or vanadium, is treated with ammonia just below 
68(}° C., more nitrogen goes into solid solution and an extremely 
hard outer layer is formed, which renders the metal suitable for 
making small machine parts, whic]} are subjected to much wear. 

The depth of the nitride layer so produced should be dbout 
0-7 mm.; its hardness cannot be increased by quenching and is not 
reducKl by slow heating to 440° C. Above 560°, decomposition (ff 
the nitride begins with evolution of nitrogen and a corresponding 
decrease of hardness. 

«J.lTonmd Steel Inst., 1923, 107, 626 i J., 1923, 554a. 

‘*StoW u, Eisen, 1923, 48, 1271 j J., 1923. 1074 a. 



The influence «t nitrogen on steel has also been studied by 
C. B. Sawyer,who states that uniform nitrogenisation of iron by 
heating it in a current of ammonia is difficult, as the hydrogen 
produced has an effect in the opposite direction. Microscopioal 
examination of treated ingots indicated a solid solution of nitrogen 
in feiiite up to approximately 0-03% N, nitride needles being 
observed above this value. Mechanical tests showed a great loss 
in the ductility of steels coiil .ming 0-015-0-03% N. The amount 
of combined nitrogen in iron and steel has been found by L. Jordan 
and F. E. Swindells^ to increase subsequent to certain' heat- 
treatments in certain cases. An increase of nitrogen was found in 
th* outer layer, but not ai the inner layer of an autoclave pjate. 
used in the Haber nitrogen fixation process. During an iuvesti- 
gatibn of the methods of determining nitrogen in iron and steel, by 
F. Wust and J. Duhr,“ it was found that the amount of this element 
varied irregularly in samples of basic Bessemer steel, varying from 
0’006% in steel from some works to 0-028% in steel from other 
works. 

A further investigation has been undertaken by F. Wfist®* in 
order to account for these differences, and samples from ten works ‘ 
at various stages in the process have been examined. The results 
indicate that the quantity of nitrogen taken up increases with the 
temjwrature of the bath, and that in all probability a high blast 
pressure also promotes the taking up of nitrogen. 

Coerosion. 

The questions of the corrosion of iron and steel, means of reducing 
or preventing it, properties of stainless steel, etc., have received a 
large amount of attention and information is being accumulated, 
which will not only prove immediately useful in the industries, but 
which will ultimately prove of great importance in the solution eff 
many problems at present imperfectly understood. J. Newton 
Friend,®* who has made a special study of corrosion, has presented 
a further report, giving a description of experiments commenced in 
order to determine by means of “ field tests,” the relative corrodi- ’ 
bilities of various forms of commercial iron and steel under vanying 
conditions of exposure. Simultaneously, laboratory tests have 
been carried out on the same samples to obtain an indication 
of their value in practice. The influence of chemical compositiem, 
miorographic structure, and other properties upon corrodibiBty 

“ Amer. Inst. Min. and Met. Eng., Aug., 1923; J., 1923, 933a. 
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has also bepn studied. W. H. Hatfield®* has (published a table 
which shows whether or not the chief industrial alloys are 
attacked by various corroding agents, and discusses the results 
contained therein. Many apparently anomalous results are 
observed among corrosion phenomena; thus, 6% acetic acid 
solutions attack a 12-14% chrome steel, whereas vinegar^con- 
taining 4-5% acetic acid has no eficct; citric acid and lactic acid 
of all strengths attack the steel, yet, neither lemon juice nor sour 
milk affects it. These and similar results show the importance 
of examining the behaviour of metals in contact with the exact 
solutions to which they will be exposed in practice. 

&e]iminary te.sts to find a relation betwf'en surface tension dnd 
corrosion show that coimsion proceeds only when the surface 
tension of the solution is greater than that of the film. This may 
account for the difference in action on steel of vinegar and acetic 
acid of the same strength, the former having a lower surface tension 
than the latter. W. S. Calcott-''® has given the following conditions, 
which should he complied with in order to conduct laboratory 
corrosion tests from which it is intended to predict the life of a 
plant constructed of the material under examination : The volume 
of the solution should he sufficient to render change in composition 
inappreciable. The temperature should be exactly regulated. The 
test should be carried on for a sufficiently long time. The tost 
strips should be cleaned with a suitable reagent or a mild abrasive, 
but not polished. Results are better expre,ssed in diminution of 
thickness, rather than of weight. The corrosion of steel in sulphuric 
acid has been studied by W. G. Whitman and collaborators,®® who 
find that corrosion at rest increases with acid concentrations 
(between 0-0043^1 and 5M), though not proportionally. With 
very dilute acid, corrosion increases with the velocity of rotation; 
with stronger acid, it at first falls and then increases, and with a 
velocity of 12ft. per sec., the corrosion with acids of all concen¬ 
trations is the same. The results indicate that corrosion at rest is 
chiefly corrosion with evolution of hydrogen; an increased velocity 
increases the difficulty of forming bubbles and decreases this effect, 
but it increases corrosion by oxygen depolarisation and this is the 
predbminant effect at high velocities. W. E. Hughes®’ has pointed 
out that electrolytic iron, obtained from a solution of ferrous and 
calcium chlorides, may be more liable to corrosion than iron 
obtained by the electrolysis of solutions containing ferrous and 
magnesium sulphates. The difference is attributed to the greater 
activity of inclusions of chloride impurity in promoting rusting. 

‘*Tmns. Faraday Soc., 1923, 19 , 159 j J., 1923, 1074a. 
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That the presence of iron sulphide in contact with iron, consider¬ 
ably increases the corrosion of the metal under various conditions 
is shown by R. Stumper.®® 

The methods employed for the prevention of corrosion of iron 
and steel are reviewed by B. Zschokke,®* and particular attention 
is pa: ,', to the passivity induced by chromic acid and its salts. For 
practical application in the case of iron structures, it is suggested 
that the ironwoik might be ... red with an emulsion of grease and 
a solution of an alkali chromate, or that a fii’st coat of paint 
sliould consist of an emulsion containing a protective solution. It 
is also recommended that the metal in reinforced concrete work 
shwild be covered with .. layer of concrete contahiing a soluble 
chromate, so that any penetration of moisture through the finishing 
coat'df ordinary concrete should reach the ironwork in the form of 
a protective solution. 

The importance of anticorrosive and antifouling compositions in 
connexion with shipping is dealt with by P. E. Bowles.*” The 
accepted modern practice is that the vessel must primarily be 
protected from corrosion and the antifouling composition be 
applied after the coat of anticorro.sive paint. The object of the 
antifouling coat is the protection against the accumulation of 
marine life by surrounding the vessel with a solution which is toxic 
to both animal and vegetable organisms. Of the substances used 
to render the compositions toxic, salts or compounds of copper and 
mercury are of first importance, followed by arsenical compounds. 

The properties of stainless steel and iron, especially as regards 
resistance to corrosion, have been further dealt with by J. H. G. 
Monypenny,®* who finds that the greatest resistance to corrosion 
is observed when the steel is in a homogeneous condition obtained 
by quenching from a temperature sufficiently high to ensure that 
all carbides are dissolved. 

Fully annealed .stainless steel is leas resistant to corrosion than 
when in the fully-tempered condition, and when severely distorted, 
stainless steel rusts comparatively readuy. For a given chromium 
content, the corrodibility is less the lower the carbon present, 
whilst for a given carbon content, the resistance to corrosion 
increases with the chromium content. • 

Ferric chloride and copper chloride solutions attack the steel, but 
copper sulphate, nitrate, and acetate solutions have no action on it. 
Atmospheric corrosion and su^rheated steam are wc 'l resisted, as 
also is scaling up to a temperature of about 825° 0. The results of 
the investigation of the effect of heat treatment on two groups of 
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steek containing 2-12% Cr and 0-35% and l%fC respectively are 
given by C. R. Austin.® The results given include tensile tests 
made on the steels annealed at 800°, 850°, and 960° C., also on 
specimens quenched in oil from 960° and afterwards tempered at 
610° or 650° C. 

The diffusion of chromium into metals below their melting points 
is the basis of the chromising patent process. This process is dealt 
with by F. C. Kelley® and consists,in packing the material to be 
treated in a mixture of alumina 45% and powdered chromium 65% 
and heating to a temperature of 1300°-1400° C. in a vacuum or an 
inert gas such as hydrogen. A suitable furnace for the purpose is 
made of alundum tubes, wound with molybdenum wire and insulated 
with alumina. It is necessary that the chromium be in actual 
contact with the metal in order to be taken up, and a sebond 
treatment with fresh contacts must be given if it is desired to 
increase the penetration of a surface coatir^. Iron wire treated 
for IJ hours showed an increase in weight of 11'7%, diffusion having 
been effected entirely through the wire. The treated wire was 
electrically heated in air to 1050° C. for 200 hours without burning 
out. The product obtained by this process behaves like stainless 
steel. Nickel may be chromised at a temperature not exceeding 
1300° C., but a temperature of 1600° is necessary to effect any 
penetration into molybdenum or tungsten. 

As a means of preventing corrosion, tin-plating is of very great 
importance, and the chemical problems involved in the tin-plate 
industry have been dealt with by H. J. Bailey.®* This author' 
considers that, although the engineering side of the manufacture 
has been highly developfed, the chemical side is largely carried on 
by methods handed down from the past without any organised 
chemical research directed to elucidate the mechanism of the 
various processes. An outline is given of present practice, and the 
cause of blisters, hard or thick metal, and the action of flux on the 
tinning pots, ete., receive attention. 

“ J, Iron and Steel Inet., 1923,107, 419 ; J., 1923, 662a. 

’^rans, Amer. Bleclrochem, Soc., 1923, 233 j J,, 1923, 601a. 

•« Chem. and Ind., 1923, 362. 
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NON-FEEROUS METALS. 

By Prolessor C. A. Edwai..is, D.Sc., and H. I. Coe, M.Sc., 
Universily College, Swansea. 

The general improvement in industrial conditions during 1923 
has resulted in an increased demand for many of the common 
met|ils, and there have been substantial increases in the prices 
of lead, zinc, and tin. In Britain the state of trade in the spelter 
industry, in particular, has improved greatly during the course of 
the two last years ; to a less marked extent tin mining has given 
rise to more employment consequent upon the re-opening of 
several of the Cornish mines, brought about not only by the 
increased value of tin but by the present demand for arsenic. 
Copper has proved disappointing, and the price, after appre¬ 
ciating in the early part of the year, fell later to the low price 
prevailing during 1922, thus inicating that the supply more 
than equalled the demand. The scarcity of platinum, combined ■ 
with a relatively large demand, has resulted in a considerable 
increase in value, which is likely to be maintained until more 
settled conditions in Russia permit of an extended development 
of the deposits in the Urals. Silver has ijot enjoyed a good market 
during the year. 

No very important developments in the form of new metal¬ 
lurgical processes appear to have taken place during 1923, though 
it is possible that some of the large-scale experiments carried out' 
by the U.S. Bureau of Mines may lead to striking improvements 
in some processes in the near future. 

Processes of Oke Concentration. 

H. M. Roche 1 gives an account of the new magnetic coficen- 
tration mill at the Richard iron mine, New Jersey, operating oq,. 
non-Bessemer magnetite, containing 65-15% of iron, with details 
of the preliminary crushing* and the stages of msgnetic concen¬ 
tration for sized grades of material. Coarse ore, -f- S-mesh, is 
treated in the Ball Norton dry drum type while fines — 8-mesh are 
treated in'the Roche wet belt machine. The wet belt machine 
consists of a set of magnets underneath an inclined vanner or 
flanged belt; the machine is set at an angle of 10°-80°, the bdt 

* Mng. ami Min. J. Pntt, U6, 928. 
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moving up the incline towards the hcadwheel aijd the feed mixed 
with water being fed to the lower magnets. The magnets arc of 
the alternating-polo type, and twenty magnets, spaced 3-inch 
centres, arc used in each machine. The feed strikes the magnets 
near the footwheel, and the magnetic iron material clings to the 
belt and is carried over the upper magnets and head wheel jvhile 
the tailing is washed down over the footwheel. As the ore travels 
up the belt, wash water is added, and as the ore passes from one 
pole to another a loop |-|- inch high is formed, the magnetic 
particles turning over in looping. Strong currents of wash water 
coming down the belt wash through the loops of ore and remove 
the non-magnetic material. The tailing assays about 2’2% Fe, und 
the recovery amounts to 99yf,. 

A. H. Parsons^ describes the use and advantages of ruDber 
linings in tube and ball mills at Nipissing, and states that output 
is increased and costs arc lowered. 

G. J. Young ’ outlines the selective flotation of a complex zinc- 
lead ore of the following compositionLead, 10-11%; zinc, 
12-13%, silver, 3 oz. per ton; sulphur, 30-32% ; andiron, 32-33%. 
The ore is ground, so that 95% passes through a 200-mesh sieve, in 
strongly alkaline water, and the galena is separated in a 1 ; 1 pulp 
at a temperature of 22'’-24'’ C.; a 1 ; 1 mixture of water-gas tar 
and coal tar creosote is the flotation agent used. Copper sulphate 
and water-gas tar are added in the second flotation machine and 
the blende is separated from the iron sulphide and gangne. Lead 
concentrates containing 60% of lead and about 7% each of zinc 
and iron, and zinc concentrates containing over 40% of zinc are 
obtained. 

A. W. Hahn* gives an account of patents Lssued to C. M, Nokes 
and R. V. Smith covering the use of a combination of paraffin and 
sodium sulphide in the flotation process when applied particularly 
to oxidised copper ores, refractory manganese silver ores, and 
oxidised gold ores. Satisfagtory results were obtained in a test 
mill having a capacity of 20 tons of ore daily. 

•The Metallurgy oe Copper, Nickel, and Arsenic. 

In 1923, as in 1922, progress in the extraction of copper from 
its ores has been made chiefly in the direction of hydro-metal¬ 
lurgical treatment. A. W. Allen® gives an illustrated account of 
modern leaching processes for the treatment of copper ores and 
Chilian nitrate pampa. He emphasises that the efficient extraction 

• Bng. and Min, J. Press, 116, 289. 

>7itd.,U6,458. 

* Min. and Met., 1923, 4 , 465. 

‘ Chem. and Met. Eng., 1923, 20, 671. 
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of soluble material associated with an insoluble ganguo depends 
primarily on correct physical conditions. Reduction in particle 
size may not lead to bettor results, and there is an economic limit 
to the degree of crushing that should be practised. Comparatively 
coarse crushing may show a higher extraction than finer crushing, 
becadse even percolation of the solution is possible around all the 
particles, resulting in nn even displacement. 

An abstracted account of the Nevillc-Soaucs process® states that 
it consists of agitating oxidised and roasted ore with sulphuric 
acid or ferrous sulphate and finely divided iron at 70° C. The 
consumption of iron Ls much less than in ordinary processes, only 
J lb. of iron being required to precipitate 1 lb. copper in the case of 
average ores ; with slimes the operation is of only a few minutes’ 
duration, and the copper is subsequently floated. The following 
reactions are typical of those supposed to take plaee:— 

HjSO,+7 CuO H-5Fo =. 7Cu+FeSO,-I-2Fo sO„-1-H .0. 

FoSOi+30u jO+2F6 - «0u+FeSO j+2re jO j. 

H. 8. Mackay,^ in describing the Mackay electro-chemical 
process for the treatment of copper ores, gives reasons for the 
failure of early processes. His own process differs from others of 
the same cla.ss in that little or no impurity can accumulate in the 
solvent of the cloctrol 3 de, and it does not need to be supported by 
the addition of chemicals. Advantage is taken of the fact that by 
carefully controllc/d roasting iron sulphate can be formed and 
subsequently decomposed to oxides without converting an 
appreciable proportion of the formed copper sulphate into the 
insoluble condition. Subsequent leaching with dilute sulphuric 
acid yields in consequence a fairly pure copper sulphate solution 
with only small quantities of iron and other salts. Electrolysis 
of the leached solution becomes highly efficient, and in this 
operation the solvent becomes regenerated. When the small 
quantity of soluble iron accumulates to the extent of about 0-5% 
the current efficiency is reduced abouf 8%, so the electrolyte is 
agitated in the presence of air with fine roasted ore by means 
of which the iron is x>recipitated. A plant is to be built in 
Australia to treat per day 500 tons of silicious ore containing %% 
of copper. 

E. Laist* gives his views with regard to the ideal copper smelter 
and deals with the general lay-out of the plant. His opinion is 
that the only type of roasting furnace to be considered nowadays 
is the multiple-hearth furnace of the MacDougal type' Its 
advantages Over other forms arc simplicity of mechanical design,, 

“ i’njf. and Min. J. Press, 1J,6,193. 

’ Ibid., 116, 976. 

* Mm. and Met., 1923, 4, 243. 
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low repair costs, and excellent conservation of heat. Its chief 
disadvantage is the large amount of dust it produces; this can, 
however, be readily recovered in a Cottrell plant. He discusses 
the firing of reverberatory furnaces, and states that they are 
now heated by either coal dust or oil, the old practice of grate¬ 
firing having been almost entirely superseded. The choice #f the 
method of firing will depend largely on the cost of the method 
adopted. Both upright and horkontal converters have been 
found satisfactory, but under most conditions the author thinks the 
horizontal type preferable. 

W. A. Heywood,® in a paper on the selection of a copper smelting 
plant, discusses the rektivo merits of reverberatory and blast 
furnaces with regard to installation costa, operation, and, fuel 
consumption, and decides generally m favour of the blast furnace 
as being the cheaper melting agent. 

E. K. Judd*“ gives an interesting account of a modem copper 
smelting plant, the “ New Oroya ” smelter of the Cerro de Pasco 
Copper Corporation, designed to smelt 2600 tons of ore per day. 
Details of the initial and fine crushing plant, methods of trans¬ 
porting and distributing materials, coal pulverising plant, and 
coal blowing system for the reverberatory furnaces are given. 
The roasting plant consists of ten 222-ft. seven-hearth Wedge 
furnaces, and each roaster has its own Cottrell precipitating unit 
of 146 tubes. The sintering equipment consists of ten standard 
I type Dwight-Lloyd machines. Two 26-ft. x 100-ft. reverberatory 
furnaces, and two blast furnaces 60 ins. wide x 40 ft. long inside 
in the plane of the tuyircs are used for the production of matte, 
which is subsequently blown in five Pierce-Smith converters of 
dimensions 12 ft. x 20 ft. 

G. J. Young'i describes lead and copper smelting practice, the 
electrolytic zinc plant, and the refining of base bullion and copper 
at the Trail smelter. 

« 

C. B. Carpenter and C. R. Hayward^ publish an account of 
theirT'esearoh on the equilibrium dkgram of the system ChijS-FeS. 
Thgy found the sulphides to be completely soluble in one another 
when hquid, but only partly soluble when solid, the two branches 
of the liquidus curve intersecting at a point below the freezing- 
points of the pure constituents. ^The eutectic range extendi 
from approiflmately 92'6% FeS to 50% FeS, the pure eutectic 
containing about 68% FeS. A transformation occurs between, 
the Bsfme limits in the solid state at 950° C., but there was no 

• Trans. Inst. Min. and Met., Apr., 1923. 

Min. and Met., 1923, 4, 499. 

“ Eng. and Min. J. Press, 116, 463. 

115,1066. 
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evidence of transfcirmations at lower temperatures nor of the 
presence of chemical compounds. With compositions ranging 
between 46% FeS and 15% FeS the charge swells on cooling and 
metallic copper separates. It was found that the separation of 
copper occurred most readily in the mixtures which had been 
heated in the molten condition to relatively high temperatures, 
e.g., 1260° C., and the authors suggest that FeS loses some sulphur 
by volatilisation and I'lit on subsequent cooling the reaction 
Fe + Cuj S==2Cu + FeS takes place. • In melts containing more 
than 45% FeS the free iron liberated remains dissolved in excess 
FeS and does not react. The arrest at 950° C. is said to be due 
to%, change in the crystal habit of CujS. This explanation does 
not appear to be satisfactory, as there is no indication of an arrest 
in melts rich in CujS but only in melts containing eutectic. A 
critical examination of the liquidus on the copper side of the 
eutectic range indicates that there is room for further study, 
especially in the region about 50% CujS, where a compound may 
exist. The solidus lines were not carefully studied, and the^ 
photo-micrographs reproduced are not so clearly understood as 
the text indicates. 

R. S. McBride'^ gives an interesting account of a new plant of 
the International Nickel Co. for the production of malleable 
nickel and Monel metal. The production of Monel metal from 
matte is described; final reduction of the oxides with charcoal 
is effected in acid open-hearth furnaces, or, for special charges low 
in sulphur, in basic-lined electric furnaces. One oz. of magnesium 
is added for the de-oxidation of 100 lb. of metal prior to casting 
into ingots weighing two tons each, including a sink head of about 
25%. The ingots are cleaned by milling and chiselling, re-heated, 
and hot forged to billets, which are then rolled. 

Calcium arsenate has proved to be the most effective agent 
for controlling the boll weevil, and a very large demand for it has 
arisen. An article on “ Developments*in the production of arsenic 
at Anaconda is consequently of special interest. Butijg ores 
average 0'5% AsjOj, and the flue dusts from the roaster gases 
contain from 7-5 to i7-5% AsjOj, while the dust from the Cottrell 
plant contains 25-36% AsjOj. These gases are passed throu^li 
Cottrell treaters to give a product assapng 70-86% AsjOj. Afto 
ro-treatment of the dust (diluted) in a reverberatory furnace a 
condensed crude arsenic, over 90% AsjOa, is obtained and seirt 
to the refining plant, which consists of two reverberatory refinh^ 
furnaces in«which the AsjOa is melted and volatilised, the vapours 
passing through chambers to a bag house. 

u Ohm. and Uet. Sng., ie2», S9, 745. 

Uin. and MO., 192S, 4 , S85. 
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MetaUjURGY or Zinc and LeId. 

W. Kapellman'® gives a description of the Ficchtl vertical 
retort for zinc ores, which consists of a double row of vertical 
retorts arranged within the furnace and parallel to its length. 
This facilitates charging by means of the charging car above and 
also the removal of the ashes by the ash car below. The lower 
end of each retort is closed by means of a cone-shaped valve 
bottom, which is raised or lowered by a handwheel. Zinc is 
condensed in the usual manner. By comparison with the Belgian 
retort process the cost of installation is reduced 40%, fuel by 
27%, and labour 70%. < 

J. D. Hannah and E. L. Rhead”®give the results of experiments 
which show the beneficial effect of the addition of le^ in the 
promotion of the formation of spangle. Up to 3% of tin or 
aluminium fails to produce any improvement in spangle, The 
authors explain the influence of lead as being due to the dispersion 
of drops of lead in the zinc bath owing to the formation of conjugate 
solutions. “ Added load or bismuth is segregated in definite areas 
of the coating, and this segregation forms the essential mechanism 
of spangling.” 

A publication” issued by the U.S. Bureau of Mines on “ Chloride 
volatilisation process of ore treatment ” states that cfBoient 
chloridising and volatilisation of copper, silver, gold, and lead 
may.be obtained by roasting the ore with sodium or calcium 
chlorides or their mixtures in shallow layers in a rotating tube 
furnace and collecting the fume in a Cottrell precipitator. In 
small-scale tests very gobd extractions were obtained from many 
complex ores. The furnace was maintained at a temperature of 
950°-1000° C. during the process. Load is the most readily 
chloridisod metal and is followed by copper; silver gives rather 
erratic results, which are influenced by the moisture present, and 
zinc is very difficult to volatilise. 

G. C. Ralston'® shows that oxidised lead compounds, cuprous 
chloride, and silver chloride are appreciably soluble in hot brine 
solutions. The process he describes should bo suitable for the 
treatment of tailings from hydro-metallurgical zinc extraction 
plants, flue dusts, etc. After leaching, a variety of methods of 
precipitation, electrolytic and chemical, have proved satisfactory. 

It would appear that in the near future applications of wet 
methods to the treatment of lead ores will become increasingly 
important. 

Eng. and Min. J. Press, 114,1103. 

“ J. Inst. Metals, 1923, 80, 79 ; J., 1923, 980a. 

*’ T. Varley, E. P. Barrett, C. C. Stevenson, and R. B. Bradford, Butt. 
211, 1923 J J., 1923, 724a. 

*' ilfm. and Met., 1923, 4, 826 (Abstract). 
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Mbtalmjbgy of ihb Peecioos Metals. 

A.- H. W. Cleave^® describes an improvement in electrolytio 
silver refining practised at the Eoyal Mint, Ottawa. The silver is 
deposited with a current density of 76-150 amps, per sq. ft. tm 
rotayng cathodes running at a peripheral speed of 40 ft. per 
minute in circular cells 36 ins. in diameter. 

The refining of gold bullion with chlorine®® at the same mint is 
described and some details of the process are given, but they do 
not appear novel. 

D. L. H. Forbes®®;; es an account of the use of sodium peroxide 
in'cyanidation at the Teck-Hughes gold mine, where the gold is 
partly in combination with tellurium. The addition of sodium 
peroxide to the pulp to the extent of up to 1 lb. or more per ton 
of ore was found lO increase the extraction. An ore of $20-30 
grade gave good results with an addition of peroxide of 0’4-0-6 lb. 
per ton; the increased milling cost was 12-18 cents per ton, 
whereas the increased recovery amounted to 50 c.- $1 per ton. ■ 

H. B. Wright,®® in a paper entitled “ The regeneration of 
cyanide solutions,” outlines the treatment of gold residue dumps at 
the Mitchell’s Creek gold mine, N.S.W. The material contained 
as cyanicides, copper, lead, and bismuth in sufficient quantities to 
render the ordinary direct cyanide method impracticable owing 
to the high consumption of cyanide. Sands were treated with 
fresh and regenerated cyanide solutions, and the gold was pre 
cipitated in zinc boxes. Solutions free from active cyanides and 
alkalis were treated with sulphuric acid, of which 380-700 lb. was 
used for 60 tons of solution. Copper was precipitated as cuprous 
cyanide, which was allowed to settle and the clear solution decanted. 
Milk of lime was subsequently added and stirred into the solution 
to fix the hydrocyanic acid and give an excess of about 0-1% of 
Hme. The regenerated solution was used for mixing with fresh 
solutions and as washes following strong solutions. The cuprous 
cyanide was collected, dried, and roasted to copper oxide. The 
remarkable statement is made that 80% of the gold and "silver 
can be precipitated with the cuprous cyanide by the additiop of 
sulphuric acid. 

A considerable reduction in zinc consumption®® and an increase 
in the bullion content of the precipitate is effected from deoxidising’^ 
the cyanide solutions before zinc precipitation, tfo insure the 
best precipitation the solutions should be rich in cyanides. 

®' Eng. oM Mm, J. Press, 116, 21. 

”7iiMi.,116,236. 

“ Ibid., 116,440. 
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R. S. Butsford** gives an account of the ooouifence of platinum 
in the Urals and of the washing and dredging methods of extraction; 
he forecasts the future extension of the mining area. 

METALLOGKAniY. 

Metallographical Standards?^ —Tentative standards, definitions, 
practices, etc., were recently published for criticism by tho 
American Society for Testing Materials. Definitions of terms, 
the technique of photomicrography, the preparation of various 
metals and alloys, and ctcliing reagents arc dealt with. 

A. Portevin^* presents an excellently illustrated paper on 
“ CoiTosion figures in microscopic metallography.” Utchiing re¬ 
agents which act by the solution or corrosion of the iwlished surface 
reveal the crystal structure—that is, tho constituent grains of tho 
phases—on account of two related phenomena, characteristic of the 
material in the cry.stallised condition: (1) Inequality of the rate 
of solution, a function of the crystalline orientation of the piano 
attacked, which gives rise to ridges betareen the etched sections of 
adjacent grains showing in relief the boundaries which throw 
shadows under oblique illumination. (2) The birth of corrosion 
figures which are the origin of the variation in briiliancy existing 
between adjacent grains, (a) The symmetry of these figures is 
similar to that of the irarticular crystal or grain; (b) the form, 
number, development, and clearness of the corrosion figures 
depend on the etching conditions, that is, on the nature and 
concentration of the etching reagent, and the time and temperature 
of the attack. 

J. Strauss “ recommends the use of hydrofluoric acid preliminary 
to the use of more ordinary etching reagents for aluminium bronze. 

A. M. Portevin** contributes a lengthy and well-illustrated 
paper on “The structure of eutectics,” and discusses the morph¬ 
ology of the eutectic and the genesis of tho eutectic structure; 
the influence of surface tension, surfusion, tho pro-eutectic con- 
8tituej)t and other matters are considered, and an appendix deals 
with the deformation, recrystallisation, and hardness of eutectics. 
The bareness of the lamellar type of eutectic is pointed out. 

Equilibrium in the system of gold-zinc is dealt with by P. 
Soldau,*® who studied the system by the measurement of electrical 
conductivity at various temperatures, by thermal analysis and 
microscopic structure. He found evidence of tho existence of the 
intermetallio compounds AujZn, AuZn, and AuZn,. 

Min. and Mel., 1923, 4, 595. 

“ Metal Ind., 1923, 480, 610. 

« Bet). Mil., 1923, 20, 381. 
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‘HbU., 1923, 80, 361. 



259 


Nof-raasous meAls. 

Physical and Mechanical Peopieties. 

Z. Jeffries and R. S. Archer^'’ discuss at lejigth the properties 
of cold-worked metals. They state that while the general effects 
of cold working are an increase in hardness and loss of plasticity 
various specific properties are affected in somewhat different ways. 
The yield point is probably affected by cold working more than 
any other property of the hardness group ; thus the yield point of 
iron (in wire) is raised by cold work to a value practically identical 
with the raised tenacity. In general, the increase in hardness and 
loss in plasticity are continuous with increasing amounts of cold 
work. The rate of cb. ige tends to decrease as the amount of work 
becomes large. The conditions at the slip pianos arc discussed in 
a characteristica'ly interesting fashion, but at too great length to 
be satisfactorily summarised in a few lines. The authors conclude 
with a suggestion of the cause of strain hardening. Since the 
resistance to motion along a slip plane may be greater than in the 
unbroken crystal, these slip planes are sources of strength and 
hardness aside from the slip interference action. The hardening 
effect of deformation increases with the number of slips taking 
place. 

The same authors, in a paper on “ The modern concept of solid 
solutions,” make a contribution embracing recent ideas on the 
subject under headings doaluig with solvent and solute, limited 
solubility and its variation with temperature, solidification and 
melting of sohd solutions, annealing temperatures, density of solid 
solutions, electrical conductivity, coefficient of resistance, hardness, 
strength and ductility. • 

E. C. Bain^ discusses the nature of solid solutions and considers 
the change in space lattice in binary systems of a number of metals 
which form continuous scries of solid solutions. The stretching of 
the space lattice is not generally so great as would be expected 
from a proportional increase in lattice size computed from atomic 
volume considerations. This indicates a weak but perfectly 
definite attraction between unlike atoms. In a later paper ^ Bain 
states that in the lattice structure of cored crystals, charaeforistio 
spotted patterns of large grains are not obtained, but, insteac^ the 
well-marked spectrogram of smaller grains further modified by 
what must be a mixture of space lattices of various sizes. “When 
the mechanism of coring is j,nalysed wc come to the conclusion 
that the resultant alloys are actually an assortntent of many 
crystals of varied spacings. The apparent grain boundaries 

enclose several orientations.” 

• 

»» Chm. and Mel. Eng., 1922, 87, 882. 
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H. I!' Coe,®‘ who carried out compression tests on small cylinders 
of metals, found that with successive increments of loads plastic 
flow occurred, after the clastic limit had been exceeded, at an 
increasing rate. Graphical representation showed that at a 
certain load the rate of flow for a given increment of load undergoes 
a more or less abrupt change, very soft metals such as tin and lead 
becoming perfectly plastic, and harder metals becoming more 
plastic than under preceding loads ,and immediately succeeding 
lofMis. When this particular load was expressed as a stress per 
sq. in. of the enlarged section of the cylinder, it was found that 
the value obtained agreed very closely with the maximum load 
per pq. in. in tension of the same material. The term “ critical 
plasticity ” is used to indicate the change in the rate of plastic 
deformation which most metals exhibit at a particular load. 
Annealed metals appeared to commence flowing at a comparatively 
low load and continued doing so at an increasing rate up to the 
load corresponding to criticai plasticity; the same metals, how¬ 
ever, in the worked condition were much more resistant to com¬ 
pressive stresses until they approached near the load corresponding 
to critical plasticity, when they suddenly collapsed and a marked 
temporary flow occurred. 

H. C. H. Carpenter and C. C. Smith’® give an account of tests 
carried out on work-hardened aluminium sheet. The loss of 
work-hardness, measured by the tenacity, after annealing at tem¬ 
peratures up to 200° C. for long periods, measured in years, was 
determined. Up to 75° C. the retention of work-hardness was 
practically complete; annealing for 2-46 years at 200° C. gave a 
loss equal to 60%. The* differences in the rate of loss of work- 
hardness for different thicknesses of sheet were not large, but they 
tended to be larger the greater the amount of work done on the 
sheet. The purer the aluminium the more the retention of work- 
hardness on annealing. 

J. Czochralski’® states that at temperatures above 1300° C. 
aluminium in contact with carbonaceous materials absorbs small 
quantities of carbon to form the carbide AljCj, which on solidifica¬ 
tion forms small plates. Commercial aluminium was found to be 
practically free from sodium. The relationship with other metals 
is also considered. 

K. E. Bingham and J. L. Haughton” record the results of their 
investigation 'of the equilibrium conditions of aluminium alloys 
containing up to 12% of copper and 10% of nickel. Thermal 
analysis was carried out with special arrangements to prevent 

>* J. Inst. Melala, 1923, 80, 309 j J., 1923, 984i. 

“Tbid., 1923, 29, 29 j J., 1923, 368a. 
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segregation. Difficulties arose in the measurement of electrical 
resistance due to partial or complete loss of contact between leads 
and specimen owing to the formation of a film of oxide on the 
aluminium. A thorough mierosoopical examination was made 
and details of the methods of polishing and etching are given. The 
constitutional diagrams that are reproduced are of a complex 
character. 

D. Hanson and M. L. V. Gayler®® deal with the heat treatment 
and mechanical properties of aluminium with small percentages of 
copper, and from the results of tensile and hardness tesis conclude 
tlj^t copper-aluminiu'... alloys containing up to 2% of copper S'^e 
not .appreciably affected by quenching from 600° 0. and subsequent 
age-hardening. Alloys containing from 2'5% to 5% of copper 
are profoundly affected by this form of heat treatment. The 
strength of a rolled and annealed 5% alloy is increased from 12 tons 
per sq. in. to 23 tons as a result of quenching and ageing; at the 
same time the elongation remains high. 

In a paper on “ The production and heat treatment of chill- 
castings in aluminium alloy {‘ Y W. ■ Eosenhain, S. L. 
Archbutt, and S. A. E. Wells®* remark on the widely varying 
tensile properties found. On a number of imsatisfactory test 
pieces of heat-treated “ Y ” alloy slightly discoloured spots were 
visible on the fracture ; fractures of bars tested “ as cast ” did not 
show the spots, which were found to be due to heat treatment, 
The conclusion was drawn that the discoloured patches observed 
on the fractures of bars as ordinarily heat treated are due to the 
penetration of oxidising gases through* the metal into cavities 
existing in the cast bar. Density determinations showed that. 
unsoundness was located at or near the centre of the bar. For a 
one-inch diameter bar and a specified iron mould, a mould tem¬ 
perature of 360° C., and a casting temperature of 750° C., were 
found the best. A study of different iron moulds with different 
ratios of cross-sectional areas of moulcf to casting indicated a ratio 
of 3:1 as being most suitable with a mould lemperatwre of 
150°-200° C. Too severe a chilling of the metal by the mould, 
results in the formation of too deep a ring of chill crystals radisting 
inward from the surface of contact with the mould, and is accom¬ 
panied by sponginess of the centre of the bar and general weakness. 

M. L. V. Gayler** deals with the constitution and age-hardening 
of certain ternary and quaternary alloys of aluminium. 

L. Guillet“ describes the results of experiments on special 
aluminium bronzes (copper-aluminium-nickel). He determined the 

•• J. Init. Metafa, 1923, 29, 491; J., 1923, 868a. 

••IM., 1923, 29, 191 ; J., 1923, 368a. 

“ im., 1923, 29, 607 ;. 1923, 80, 139 ( J., 1923, 369a, 981a. 

Mil., 1923, 20,130; J., 1923, S13a. 
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coefficient of erjuivalence of silicon, manganese,* iron, and nickel 
relative to aluminiijm in aluminium bronzes in a manner similar to 
his well-known determination of the equivalence of elements as 
regards zinc in the brasses. Important results of mechanical tests 
on oast alloys showing the influence of nickel on aluminium bronzes 
containing respectively 90, 83, 75, and 60% of copper are ^ven. 
Small quantities, up to about 5% of nickel, in general have no very 
marked effect, but larger quantities raise the maximum stress and 
clastic limit, whilst the ductility, as measured by elongation, is 
lowered. The microstructure of the alloys is dealt with briefly 
and some reference is made to the influence of mechanical and 
thermal treatment. The same author*^ discusses the effect *of 
phosphorus, magnesium, and cobalt on the properties of aluminium 
bronze. The influence of phosphorus to the extent of 0-2% was 
found to be very harmful, both the ultimate stress and the elonga. 
tion being reduced. Magnesium embrittles the alloy, and it 
appeared that cobalt possessed no beneficial influence; in fact, it 
seemed to be actually harmful. 

J. D. Edwards^^ has made density measurements of cold and hot 
aluminium-silicon alloys containing up to 15% of silicon, and 
found that crystallisation shrinkage decreases with increasing 
amounts of silicon. 

C. R. Austin and A. J. Murphy^* record an extensive research 
into the liquidus and solidus over the whole range of the copper- 
aluminium-niokel system of alloys. The compound NiAl possesses 
the high melting point of 1640° C. 

H. O’biiclE® found that indentation tests on single crystals of 
aluminium indicate that the rhombic-dodccahodral face has the 
greatest mean hardness, 23-3; the octahedral face is softer, 21-3, 
and appears to be slightly harder than the cube face. The presence 
of grain boundaries in aluminium does not appreciably affect the 
resistance of the metal to indentation. 

A. L. Norbury,^® in investigating the hardness of annealed 
coppej, sought to obtain a more definite expression for the Brinell 
hardness. A definite expression for the hardness of copper must 
tak(v into account the annealing temperature, or some factor 
which is being influenced by the annealing temperature. 

In another paper Norbury^’ measures the hardnesses of certain 
copper-rich o-solid solutions in order to compare the relative 
effects of different elements in increasing the hardness of copper. 
In a contribution on “Some experiments on the hardness and 

“ Rev. MU., 1023, 80, 257 i J., 1923, 665a. 
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spoutaneous annoaliiig of lead the same author described aa 
ingenious adaptation of a lever tensile testing machine for making 
low-load Brinell impressions. Briuoll hardness tests were made on 
lead using various loads, maintained for various lengths of time, 
and the results were interpreted according to Meyer’s formula 
L = od". The effect of cold-hammering was to increase the 
hardness; the spontaneous annealing of lead was studied, and it 
was found (1) that, within certain Umits, the greater the amount 
of cold work the greater the hardening; (2) that load .spontaneously 
anneals at room temi)cratures; (3) that the rate of annealing 
increases with the ar’ int of deformation. It was observed that 
lead which had been very severely liammcred became dead^oft 
within 20 seconds. 

L. Aitchison^® in describing the mechanical properties of mag¬ 
nesium alloys, gives an account of mechanical tests on Electron 
metal and alloys of magnesium with, respectively, 1% of cadmium, 
6% of aluminium, liy^ of aluminium, 3% of copper, and 13% of 
copper, and comes to the conclusion that it is doubtful whether, 
for the purposes of the aircraft engineer, the alloys are really 
effectively light, in view of their low' elasticity and irot uniformly 
good mechanical properties. Better ])rnperties in the. magnesium 
alloys may follow from further development. H. J. Maybrey, in 
the discussion of the paper, stated that good results had been 
obtained by the Magnesium Co. after prolonged experiments in 
the production of good (‘astings. 

D. Hanson, C. Marryatt, and G. W. Ford™ give the results of an 
important investigation into the effect’ of oxygen on copper. 
Considerable difficulty was encountered in the production of 
sound castings and complete success was not attained. The 
oxygen content of the castings ranged from 0'015to0'36%. It was 
concluded that oxygen has a relatively small effect on the pro¬ 
perties of copper, and is neither seriously deleterious nor markedly 
beneficial. The mechanical properties arc not much affected by small 
quantities of oxygen, and a metal containing as much as*0-l% 
differs very slightly from pure copper. The electrical conductivity 
does not fall very much, and values exceeding 100% of the Illter- 
national Standard are obtained in all annealed material containing 
less than 0-1% of oxygen. The small effect of oxygen is probably 
due to its extremely low soliibihty. The authors emphasise that 
their conclusions are applicable strictly only to pure copper con¬ 
taining oxygen and free from other impurities, and that the present 
research is a basis for other work. 

*' Tram. Faraday Soe., 1923,19, 140. 
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D. H. Ingall“ has published a paper entitl3d “ Experiments 
srith copper wire : cohesion a function of both temperature 
and cold work.” He determined for a number of loads, the tem¬ 
perature at which wire broke under a given load. The temperature- 
load curves reproduced show an inflection at 350° C., and the 
low-temperature straight line portion of the curve conforms to 
the ordinary algebraical equation y — a-\-bx where y is the 
tensile stress, x the temperature, and S'Ud 5 are constants. The 
value a represents a relative measure of the susceptibility of the 
material to hardening or strengthening by cold work, and 6 the 
susoeptibihty to softening or annealing with rise of temperature. 
The high-temperature portion of the curve corresponds to the 
equation xy^ = k, where % and k are constants, and either x oi y 
may be cohesion or temperature as the case may be. Values for 
n and log. k are given for the various series of experiments. It is 
established that beyond 350° C. the cohesion or tensile strength of 
the copper used is a function of both temperature and work up to 
60% reduction. 

According to M. Cook,“ reerystallisation of cold-worked cadmium 
occurs between 50° and 60° C., the greater the reduction the lower 
being the temperature. D. Hanson criticised the work on the 
ground that sufScient attention had not been paid to an aUotropic 
change occurring at 60° C. 

W. Fraenkel and H. Becker,®® in dealing with the kinetics of 
the transformation of quenched o^-brass, point out the changes in 
structure of homogeneous ^ in quenched 60 : 40 brass on annealing 
between 160° and 200° C.; a fall in the electrical resistance was 
observed. 

Experiments were carried out by R. C. Reader®* on some pro¬ 
perties of the copper-rich aluminium-copper alloys, who studied the 
density volume changes and heat treatment of alloys containing 
up to 11% of aluminium. Maximum ductility was obtained in a 
10% alloy by annealing for short periods at 700° C. after quenching 
from 900° C.; a very flne'a -f j3 structure, indicative of strength 
and ductility, is imparted to the alloy. 

H. Heape®® finds that for cast alloys of copper with tin, in 
general, hardness varies in the same order with the density. 

, According to A. H. Mundey and C. C. Bissett,®® no substantial 
advantages accompany the use of 1% of nickel in high-grade 
bearing metal; in fact, some valuable properties are diminished. 
Nickel appears to lave the effect of suppressing the network of the 

“ J. Inst. Metals, 1923, 80, 171 ; J., 1923, 98U. 
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copper-tin constitnent, wMoh has been shown to be of value in 
reducing segregation in tin-rich bearing metals. 

Calcium-lead bearing metals are discussed by L. Filipoff,” who 
gives an account of the properties and microstructure of a bearing 
metal containing 1-9% of calcium, 1-00% of strontium, M0% of 
barium, 1-37% of copper, 0'10% of sodium, the remainder being 
lead, and compares them with those of the ordinary tin-rich 
bearing metals. Except for, their liability to oxidation during 
melting, the author considers the alkaline-earth bearing metals 
superior to those containing tin, which possess the disadvantage 
of having a relative!;, jw melting point. 

W. Guertler®* deals with the properties of alloys of molybdenum 
with tungsten, tantalum, platinum, palladium, chromium, iron, 
nickel, cobalt, and copper, and finds that with a high proportion of 
molybdenum the alloys are usually hard and brittle. 

L. Guillet and M. Ballay^® conclude, from the results of their 
experiments on the influence of work on the resistivity of metals 
and alloys, that the resistivity of pure worked metals is slightly 
changed by annealing ; the differences are below 4%. Annealing 
decreased the resistivity of all the metals experimented with, 
except tin and lead, for which a slight increase was observed. On.i 
the other hand, the resistivity of certain alloys is considerably 
changed by annealing, alloys consisting of a sofid solution showing 
the greatest change. For most alloys the resistivity of the worke4 
material is lowered by annealing, though the contrary holds for 
German silver. 

A. W. Gray™ gives a large amount of valuable information on 
the volume changes accompanying solution, chemical combination, ' 
and crystaUisation in amalgams. The general curve of reaction- 
expansion of silver-tin-copper amalgams is characterised by four. 
consecutive stages of alternate contraction and expansion; an 
explanation of a typical curve is given. Factors that influence. 
dimensional changes, such as fineness ef alloy, trituration, etc., are 
considered, and a considerable amount of experimental data is 
given. 

R. C. Reader®* finds that .pure metals which solidify s,t a 
constant temperature are not affected as regards density by the, 
rate at which they solidify. Alloys which solidify over a range of 
temperature give a lower density in the interior of the bar whenj 
chill oast, wMle other alloys are not so affected. The very intay- 
eating fact was established that alloys that solidify through i 

" MddtfluSuatry, 1923, 145. 
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range of temperature are inversely segregated on rapid solidifica¬ 
tion; that is, they are richer on the outside in the component of 
low melting point-and richer in the centre in the component of 
high melting pomt. 

With the use of a thermo-balancc H. Endo® determined the 
volume changes during the melting of ice, mercury, sodiunr, tin, 
bismuth, thallium, cadmium, lead, gold, silver, copper, and alu¬ 
minium by means of careful density^ measurements which showed 
progressive volume changes in the region of and through the 
melting points. The results of previous experiments are confirmed 
and amplified. 

A. M. Portevin and P. Chevenard*® apply dilatometrio methods 
to the study of the transformations and mechanism of heat treat¬ 
ment of the light alloys of aluminium, magnesium, and silicon 
and, in general, of alloys containing two-phase, univariant 
transformations. 

S. Beckinsalc*^ reports further results of his investigation into 
season cracking and its prevention, and deals with the removal of 
internal stress in 60 : 40 brass. The influence of mechanical 
methods on the removal of internal stress and the investigation of 
low-temperature annealing were recorded. Reeling reduces tension 
stresses in the outer layers of rods or tubes by the production of 
permanent deformation in tension, with consequent increase in 
hardness of the layers affected. Malleting, hammering, and 
springing are uncertain and comparatively ineffective in their 
results. Low-temperature annealing at 17.')°-200‘‘ C. is superior to 
other methods, except that reeling of rods or tubes has advantages 
when it is necessary to stfaighten these as well as to reduce the 
amount of stress in them while maintaining the maximum degree 
of hardness. 

N. B. Pilling and R. B. Bedworth*^ give the results of numerous 
experiments on the oxidation of metals at high temperatures. 

During the course of a research into the cause of red stains in 
sheet brass, E. A. Bolton®* found that most of the staining observed 
in pratfice is produced by the interaction of copper oxides in the 
scale with the pickling acid. The red stains may be removed by 
meane of a strongly oxidising pickle, such as bichromate solutions. 
The main cause of red stains observed in the works is the impinging 
of flames upon the metal during annealing. 

G. Tammanij and K. Dahl®’ state Uiat intermetallic compounds 
are brittle owing to their possessing a smaller number of gliding 
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planes than pure metals or solid solutions; in some compounds no 
gliding planes were indicated on investigation at different tem¬ 
peratures after shock and subjection to high pressures. All the 
compounds investigated appeared to become plastic at temperatures 
approaching their melting points. 

F. C. Lea, V. A. Collins, and E. A. P. Eoeve,®* in a paper entitled 
“ The modulus of direct elasticity of cold drawn metals as a function 
af annealing temperature,” state that for brass tubes the modulus 
af elasticity, and also the conductivity, have maximum values 
after annealing at temperatures approximating to 470° C. 

Under the heading. Metals for electrical lines,” a summary 
is given of the reports of the tests on various classes of wire^and 
rnbles for overhead transmission lines carried out at the National 
Physical Laboratory by the British Electrical and Allied Industries 
Research Associat-'ii. An account is given of mechanical tests on 
lard drawn copper, aluminium, and galvanised steel wire in the 
brm of single wires and cables, and of steel-cored aluminium 
)able. 


CoREOsioN OF Non-Ferbous Metals. 

In a general discussion of alloys resistant to corrosion™ much 
nteresting information was brought forward. W. H. Hatfield" 
presents the results of a series of experiments on the corrosion of 
liffcrent classes of iron and steel and a number of non-ferrous alloys 
)y waters, various acids, and solutions of salts. For the non- 
errous metals he finds that as regards aluminium the results 
ihow that duralumin is distinctly inferior to commercially pure 
aluminium in its resistance to the various acids and corroding 
media. As regards the bronzes, aluminium bronze appears to 
give the best general response, though its yield point in tons per 
sq. in. is disproportionately low when compared with its maximum 
stress in tons per sq. in. and with the values obtained from other 
bronzes. 

J. H. G. Monypenny" gives a detailed account of the resistance 
to corrosion of stainless steel and iron. His contribution ir«ludes 
valuable information concerning the general constitution of 
stainless steel, the effect of heat treatment, and the influense of 
variations in composition. 

J. Amott™ discusses the resistance of Monel metal to atmo¬ 
spheric corrosion, sea water, 4teara, acids, and solutipns of alkalis 
and salts. It was found that at room temperature solutions of 
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sulphurous acid attacked the alloy most severely. He concludes 
that Monel metal is suitable for parts which have to resist sea 
water, impure water, steam, certain dilute acid solutions, and 
alkaline solutions oi all kinds. U. E. Evans’* discusses at length 
the mechanism of the so-called “ dry corrosion ” of metals, and 
drawEf the following conclusions :—Experiments on the behkvionr 
of apparently dry metals, roughened with emery, show that no 
corrosion occurs when they are kept over sulphuric acid, and only 
slow, superficial corrosion when they are kept over water. The 
'■rate of attack is greatly increased by the presence of volatile 
electrolytes in the air, sulphur dioxide being most dangerous to 
iron and nickel, ammonia to copper and its alloys, and hydrogen 
chloride to zinc and aluminium. Corrosion of metals by volatile 
electrolytes appears to require some moisture, but proceeds in air 
which is distinctly unsaturated. Special phenomena occur at the 
contact of dissimilar metals, apparent electro-chemical protection 
being observed in some cases. The phenomena are best explained 
if it is considered that electro-chemical action occurs in the 
adherent (usually invisible) film of moisture. Volatile electrolytes 
increase the conductivity of the film and thus accelerate corrosion. 
Where they tend to produce hygroscopic corrosion products, they 
bring about the absorption of further moisture, and thus increase 
the thickness of the film. .. 

Other contributions are by J. F Kayser on “ Heat and acid 
resisting alloys (Ni-Cr-Fe)”,’* and by P. Orme, “ Corrosion tests 
on certain nickel allo 3 rs.”’® 

U. E. Evans” believes that at ordinary temperatures the 
phenomena of corrosion as at present known are electro-chemical 
in character. He distinguishes two types of corrosion, one 
characteristic of the more reactive metals in which hydrogen is 
evolved, the other depending upon the diffusion of oxygen to the 
metaUic surface. 

’* Trems. Fo'-aday See., 192?, fe 201; ej. J., 1923, WSa. 
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ELECTEO-CHEMICAL AND ELEGTEO- 
METALLUEGIGAL INDUSTEIES. 

By J. N. PED-a, D.Sc., 

Regeareh Department, Royal Arsenal, WocHioich, 

L iEciaic Fubnaoes. 

Recent progress in the application of electric furnaces is again 
mostly apparent with types of a moderately low temperature 
range, and is chai coterised by the more extended use which is 
being made of electric furnaces in the manufacture of castings, in 
steel-smelting furnaces, and in furnaces for the aimealing and heat- 
treatment of non-ferrous metals. The development which has 
recently taken place in this last connexion has been particularly 
marked in the United States. The main advantages found by 
this procedure are due to the adaptability of the furnaces, the< 
uniformity of heating obtained, and the completeness of control 
which can be gained of temperature and atmosphere, and the 
manipulation. The continuous electric furnace, which has recently 
received more extended apphcation, enables articles which enter 
cold at one end to be removed at the required temperature at the 
outlet. Iron castings can thus be heated continuously in an 
identical manner. On the ground of cost of heat, the electric 
anneahng furnace has difficulty in competing with the fuel-heated 
type, but the advantage obtained is in the more certain realisation 
of the conditions desired. 

For the melting of metals and non-ferrous alloys, such as copper, 
bronze, brass, aluminium, zinc, cupro-nickel, and similar alloys, 
electric furnaces are continually receiving increasing application 
and the developments in this branch have probably been more 
marked than in any other. The principal types of furnaces for the 
above object may be classified as the open arc, the muffle type,“the 
resistance type, and the induction furnace. The types most 
commonly us^ in the first category are stated^ to be the Snyder, 
Booth-Hall, Volta, and GioKtti furnaces, the last one being 
particularly used in brass and bronze foundries. Of muffle furnaces, 
the only representative is that of the General Electric Co. The 
most populu resistance furnace is that of Baily, and among induc¬ 
tion furnaces, the Ajax-Wyatt and General Electric Co. types are 
found very satisfactory. 

•lie Four £lec„ 1923, 82, 160. 
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a review of recent developments in eleetaio furnace practice 
by E. T. Moore,* it is pointed out that in the application of electric 
furnaces for the production of various forms of steel a rapid recovery 
has now taken place from the reaction and slump which followed 
the great extension of installations during the war period. A 
marked tendency has been shown to the use of a greater number of 
smaller fumaoes. In the production of malleable and grey iron 
castings, the main advantage of oleptric furnace treatment is that 
any degree of superheating may be obtained and iron much lower 
in phosphorus content may be used than is necessary in order to 
produce fluidity with ordinary means of production. The appli¬ 
cation of electric furnaces in this particular connexion has, however, 
been very slow. In a recent type of Heroult furnace, the reactance 
due to the large currents employed has been diminished by using 
conductors of copper pipes which also serve to carry water to the 
electrode holders and the electrode coolers. In this way, about 
one-third as much copper is required as when using bars, and the 
conductors can be brought close together, thus reducing reactance 
and making it possible to have longer leads and at the same time 
have them extend beneath the floor. A further advantage is 
gained by this method where it is necessary to carry the bus-bars 
over a hot furnace. The mast or structure which was formerly 
erected over the furnace to support the electrode arms and holders 
necessitated carrying the conductors over the top (f the masts in 
order to avoid proximity to the iron parts and involved overhead 
flexible cables. In the new designs the mast is eliminated and the 
electrode arms and holders are supported from below. A 
description is given of the modifications which have been made in 
the arrangement of the electrode arms which enables the electrodes 
to be brought as close as possible to each other and to the centre 
of the furnace. 

The transformer reactor and high-tension equipment arc placed 
beneath the floor, which makes it more convenient to have the 
electrode-supporting mechanism attached to the furnace either at 
the Bath, opposite the teeming spout, or on one side. Additional 
external reactance is applied to lower the power factor to 90%. 
Improvements are also described which have been made in the 
Greaves-Etchells furnace and the Moore “ Lectromelt ” furnace. 
An improvement has been effected _ in the durability of carbon 
electrodes bj securing an increase in density or diminution in 
porosity. 

In describing the development of the large electric melting 
furnace, F. Hodson* points out that a limitation is imfiosed on the 

•' • Blast Furmce and Steel Plant, 1923, 11, IS3. 
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size of furnaces wth three top electrodes in that this type does 
not lend itself to multiples of three electrodes. On account of the 
current-carrying capacity of the largest electrodes which are 
available commercially, a limit has thus been reached with furnaces 
of a capacity of tons of metal. 

A furnace which has been designed by Greaves and Etchells 
consists of an arc-resistance type which, on normal operation, 
introduces two phases of the three-phase power supply line through 
two or more top electrodes and the third phase through the whole 
of the furnace hearth. By the use of four or more electrodes, the 
system and desig,i wb' h are described enable the whole of the 
power to be put through top electrodes or, by change of the position 
of an oil switch, through top electrodes and the furnace hearth, a 
balanced load being obtained by either method. Considerable 
flexibility of opera'ion is possible as the top electrode and high 
voltage can be used when melting down or when starting up a cold 
furnace, and the top and bottom electrodes when the molten bath 
is obtained and for refining and superheating after melting the 
metal. The principle employed eonsists in connecting the two top 
electrodes or groups of electrodes to two arms of the secondary df 
a star-connected transformer, while the base of the hearth is 
connected to the third arm wound to give a bwer voltage, and the 
primary windings of the transformer are in delta. Units of this 
furnace of 60-80 tons capacity are under construction for the 
Ford Motor Co., Detroit, U.S.A. 

It is pointed out that the Siiderberg continuous electrode, now 
operating in a number of electric steel furnaces, may also have 
considerable bearing on the future design of large electric furnaces. 

In an article by F. V. Andreae* some problems in electric furnace 
operation are considered. Based upon the theory that the re¬ 
actance of a three-phase electric furnace does not depend upon 
the load but is a constant, depending on the arrangement of the 
conductors, the general equations of the three-phase furnace are 
developed and discussed. The transformer action which takes 
place in the bus-bars between the different phases is considbred. 
When only voltage, current, and total power are concerned very 
simple expressions can be used which are entirely satisfactory in 
practice. A few methods are suggested to reduce the unbalancing 
of the load. The conditions obtaining in two-phase operation are 
defined. In this case the load*must be considered asoonnected in 
star, the bottom of the furnace being the neutral. The electric 
energy is in this case transformed into heat in three separate zones 
situated under the three electrodes. It appears probable that 
the load resistance is furnished by an arc m an atmosphere of 
vapours under pressure. Measurements are made with currents 

' Amer, Inal. Elec. Eng. /.,I923, 42, 498. 
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varying from 6000 to 24,000 amps, per phase. .The reactance peil. 
phase measured on the low-teitsion side is found to be practically 
constant over the whole range of loads. The reactance depends'" 
upon the disposition of the bus-bars and other conductors carrying 
the current into the furnace. The load circuit, or the part of the 
circuit where the electric energy is transformed into heatf does 
aot show any reactance and acts like a pure resistance. 

The points which it is necessary to consider in the design of an 
electric furnace are outlined by L.P. Barton.® The main types of 
;ransformers now in use are the Heroult, operated at a voltage of 
about 110 volts, and the Pittsburgh or“IiCctromelt,”with a voltage 
of nearly twice this amount. It is imperative to make the furnace 
leads as short as possible, as the closer the transformer is to the 
furnace the better will be the power factor. The electrical con¬ 
nexions or methods of transformer wiring show wide variations on 
the different furnaces and consist of the two-, three-, or four-phase 
system. The majority are operated with three-phase connexions,' 
due to the fact that nearly all power supply is of this form. The 
use of bottom electrodes is generally being eliminated in modem 
furnace design. Opinion is at present equally divided as to the 
superiority of graphite or carbon electrodes. Operating costs per 
ton of metal are practically the same for both. 

The use of automatic current regulators gives an advantage in 
the power consumed per ton of metal and m the longer life of the 
refractories and electrodes. With regard to metallurgical features 
the nature of the hearth is the most important consideration. A 
rather deep hearth is foupd to favour rapid operation and is recom¬ 
mended for acid working, while a shaUow hearth offers the best 
conditions with a basic slag. The thickness of the furnace walls 
will depend on the size of the furnace. In the great majority of 
cases, in both acid and basic operation, silica-brick walls are used. 
Amongst other special refractories there has been introduced a 
fused magnesite which does, not shrink and offers marked possi¬ 
bilities for the electric furnace. The roof is generally of silica 
brick' though carborundum is used. Reference is also made to 
the subjects of doors, arrangement of electrodes, shape of furnace, 
tilting devices, electrode holders, cooling rings and economisers, 
general cooling arrangements and charging devices. 

A critical review of different types of electric furnaces is given 
by M. Fouiihent.* It is concluded that for the melting of alloys, 
resistance furnaces, of which the main representative is the Bally 
type, have the great advantage of robustness and simplicity; they 
are adapted for all types of current supply and are easily main- 

‘ Blast Fwmace and Steel Plant, 1923, U, 272. 

* Bull. Sue, Ing. Ow, Pranae, 1923, 7t, 448. 
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tained. The coniramption of refractory lining is lower than ii^ 
other types; the resistances deteriorate only slowly and are 
readily replaced; the metal is heated progressively and there is no 
possibility of burning. There is no consumption of electrodes and 
water-cooling is avoided. The disadvantages of the type are the 
impossibility of attaining high temperatures, and the higher 
current consumption compared with other types. 

With induction furnaces, b<'at is generated in the interior of 
the bath, thereby insuring a high thermal efficiency and a lower 
power expenditure than in any other type. Other advantages 
are Absence of eloei des, rapidity of fusion, low losses through 
volatilisation, the possibility of employing a large range* of 
voltages for the primary, and the ready production of a large range 
of temperatures by adjusting the intensity of the current through 
the primary. On the other hand, inductu ii furnaces are not 
readily suited for refining and require, except in the case of the 
high-frequency tyjie, a preliminary charge of molten metal; more¬ 
over, on account of the low resistance, the power factor or value of 
cos yjr is low. 

Arc furnaces provide the most flexible type.. With medium 
capacities, the current consumption is intermediate between that 
of resistance and induction furnaces, while with large units it is 
equal to the latter. The disadvantages possessed are the necessity 
which .is entailed of renewing the electrodes, the use of water¬ 
cooling, and the disturbances which are set up in the supply circuit, 
especially with large units, though this effect may be diminished 
by automatic regulation of the electrodes. The losses due to 
oxidation and volatilisation are considerable. 

The electrical efficiency is affected appreciably by losses due to 
contact of the electrodes with the collars or glands where they pass 
into the furnace enclosure and to the resistance of the portions, of 
the electrodes exterior to the furnace. Rotating and oscillating 
furnaces are only suited for use with monophase current through 
. possessing only two electrodes, and current from a three-]^hase 
circuit can only be employed by loss of efficiency. 

A new type of induction furnace is described which has ^n 
constructed by the Compagnie IVan^aise dcs Metaux. This is 
designed for the melting of non-ferrous metals and preparation oi 
alloys, and is arranged to ^ork continuously or with varying 
temperatimjs and to permit readily the decanting of Jnolten metal 
from the residual slag. The furnace is constructed for use directly 
on a three-^hase supply of 220 volts at 50 cycles, and is provided 
with three magnetic cores and a triangular channel of a rectan¬ 
gular section similarly to the Eochling-Rodenhauser type. The 
^pteting magnetic field leads to circulation of the metel._ Ag, s 
for this furnace a material known as “ oorindite ” i( 
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used, consisting of a mixture of sillimanite, > AljOa.SiOj, and 
corundum, Al/),, which is applied in a fused condition, the melting 
point being 1900° C., and its durability being considerably higher 
than that of magnesia bricks. Units of this furnace of 100—?00kw. 
capacity are in operation at Castelsarrasin in Trance. A unit of 
100 kw. contains 600 kg. of metal and melts brass with a power 
consumption of 2.50-300 kw.-lir. per ton of metal. 

An historical rhume is given by E„W. Loto’ of the commercial 
applications of the electric furnace. Its early development was 
focussed on the search for an economical means of producing 
metallic aluminium. A summary is given of the different types ot 
furnaces now in use. The development of induction furnaces has 
not kept pace with metallurgical operations and, at the present 
time, the arc type easily outnumbers induction furnaces in industrial 
applications, particularly in the metallurgy of steel, ferrous and 
non-ferrona metals and alloys. The outstanding difficulty experi¬ 
enced with induction furnaces has been to find a suitable lining 
material to withstand the heat, and the demand for the use of an 
exceedingly low frequency power. I'he majority of arc furnaces, 
which are used in capacities of from 1 ton to 40 tons, are built on 
the Heroult principle. In several typos of modem furnaces, 
application is made of the combined principles of the arc and 
resistance. For the melting of steel castings, the power expenditure 
varies from 500 to 600 kw. hr. per ton, and for refined steel from 
700 to 1200 kw.-hr. per ton. For’the heat treatment of metals, 
the furnaces used arc of the resistance type. For the melting of 
iron ores, the type of furnace which has been found most serviceable 
is the Elektrometall furnace. In modem practice, firebricks arc 
replacing magnesite as a furnace lining. Apart from its appheation 
in the manufacture of steel, the electric furnace has proved highly 
successful in the manufacture of alloy ingots, such as ferro-silicon, 
ferro-tungsten, ferro-titanium, and ferro-chromium. Three-phase 
furnaces have been found ^to be most economical for the ferro¬ 
alloys of silicon, manganese, and chromium, which have lower 
melti».g points, and single-phase for those of molybdenum, vanad¬ 
ium, uranium, and titnnium. 

A* recent marked development in electric furnace practice is in 
the automobile industry where it is tending to become common 
practice even at a slightly higher cost. The advantages gained in 
this ease arcidue to the ease of edntrol and the regularity and 
uniformity of the results obtained. One of the Ford factories in 
America contains an electric furnace forming a connected load of 
14,000 kw. for the heat treatment of motor bearings. ‘The carbon 
resistance type has been widely installed and provided with auto¬ 
matic control of temperature. The heating is effected by carbon 

’ UK^ineeram, 1923, U6, 257. 
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rods immersed in a trough of sand, the load being controlled by 
variation of the secondary voltage with tappings from a special 
type of transformer. 

A highly efficient type of furnace was developed during the war 
for the heat treatment of gun barrels, and has since been adapted 
to the motor industry. The heating unit comprises a ribbon of 
chrome-nickel alloy, which is supported by a cast-iron plate with 
an insulation of refractory material. The units used are of 400 kw. 
and take tln-ee-phase current at 440 volts. The temperature is 
controlled by an automatic cut-off arrangement. 

In the aunea'ing of glass, the electric furnace is rapidly sup¬ 
planting the fuel-tire' furnace, due to the accurate control of 
temperature, uniformity of the heat application, and the even 
distribution of heat. 

An illustrated description is given by E. Zoulinann® of a number 
of applications ot electric heating, both for domestic and workshop 
purposes. These include water boilers, railiators of various types, 
and appliances for heating raw material in process of manufacture. 

The application of the electric furnace to vitreous enamelling is 
described by J. L. M. Yardlcy.’ A description is given ot the 
technique and economics of the operation and the advantages 
gained by electrical heating. 

An account is given by E. W. Rawerof an electrical oven,. 
which has been installed for the baking of vitreous enamel as 
applied to iron and steel plates. The furnace consists of a lower 
and upper rectangular chamber, the side walls of each carrying 
refractory supporting bricks upon which nichrome ribbon is 
suspended and arranged in a recess in the side walls so as to avoid 
contact with the incoming work. The windings are distributed in 
the side walls of both upper and lower chambers and in the front 
walls of the lower chamber in such a manner as to compensate for 
the extra heat loss from the charging doors and to cause a uniform 
distribution of heat throughout the working space. Additional 
nichrome wire is welded to the tentiinal strips of the windings, 
which then pass through a wail bushing and are secured ijj . place 
by a set screw in a coDar washer. The products to be enamelled, 
are, during heating, supported on a projecting refractory Jedge 
which separates the lower and upper chambers. In order to 
diminish heat losses, air-cell insulating brick, 12 in. thick, is used 
to surround the heating chamber and 4s reinforced by an outside 
wall made up of a layer of red brick. The windings are connected 
in delta and supplied with current at 230 volts, S-phase, 60-cycle. 
A Leeds-^orthrup automatic temperature control device is 

• Z. Ma. ixMXa. Ing., 1923, 67, 617. 

” Chem. and Met. Eng., 1923, 29, 66 j Eke. World, 1923, 82, 327. 

Foundry, 1923, 51, 632. 
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employed. The e.m.f. from a themo-oouple, mounted in the 
furnace causes an unbalanced condition in the galvanometer 
eyetem proportional to the temperature, and by means of a relay, 
controls are actuated wluoh raise or lower the voltage applied to 
the furnace. At the temperatures employed, varying from 650° 
to 870° C. according to the class of work, the temperature can be 
controlled to within 3°. The power consumption, when employing 
a temperature of 870°, is 1 kw.-hr. for each 6-7 lb. of metal. The 
capacities of the furnaces now in operation range from 60 to 95 kw. 

A general discussion is given by F. W. Brooke^i of the design of 
various electric furnaces, such as the special box type, the car 
type^ the recuperative and continuous furnaces, and their advan¬ 
tages and disadvantages are referred to. In the oar type, con¬ 
veyors with the substances to be heated pass through the furnaces. 
The continuous systems described arc of the “ push,” “ gravity 
roll,” and “ walking beam ” types. Attention is drawn to the 
method of handling materials for those furnaces so that a uniform 
temperature may be maintained. 

Lahoralorij and Small Furnaces. 

The different types of electric furnaces which have been de- 
»• veloped arc reviewed by C. R. Darling,** who gives an outline of 
the economics and general advantages attending theii' use in 
comparison with fuel-heated processes. The types of furnaces 
which are described include the wire-wound furnace which was 
devised by Heraeus in 1902, the later type in which the platinum 
originally used is substituted by nickel-chromium alloys, and 
the various forms of muffle furnaces of which units with tubes 

5 ft. long and 1 ft. diameter are now in common use. In a usual 
pattern containing tubes 1 ft. long and 2 in. diam., the power 
required to maintain a temperature of 1000° C. is 0'5 kw. for a 
single-tube furnace, and 1'2 kw. for one in which four tubes are 
worked simultaneously. In'the laboratory this type of furnace 
is used for experimental work on the heat-treatment of metals, 
lor incinerations and chemical combustions, standardising pyro- 
meteHj, and as a substitute for gas-heating for many other purposes. 
In the workshop, they are found of great service in hardening and 
tempering miscellaneous carbon-steel articles. A double muffle 
furnace designed by the Dbeds Construction Company consumes 

6 kw., is of a rotational type, and is employed for the continuous 
heating of rivets. The Wild-Barfield furnace is employed for the 
hardening of steel and has a capacity up to 100 lb. of steel per hour; 
*it is provided with an automatic temperature control by means 

" Trms. Atner. Elcclrochetn. Soc., 1923, 88, 149. 

■ “ J. Bmj. Soc. Arts, 1923, 71, 324, 
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of a loop of silvei* wire, through which the current passes and melts 
when a temperature of 961° C. is reached, thus breaking the 
circuit. ' . 

For higher temperatures such as 1800° C. which are needed in 
the annealing of tungsten, furnaces wound with tungsten and 
molybdenum have been applied and heating is conducted in an 
atmosphere of hydrogen. For still higher temperatures, such as 
2000°-2500° C., which are en ployed in the standardising of optical 
pyrometers, various types of carbon tube furnaces which have 
b^n applied are described, including the type utilising the contact 
resistance between a . . imber of separate graphite or carbon rings, 
that using a carbon strip in the form of a spiral cut from a graphite 
tube, and the various forms of granular carbon resistance furnaces. 
A later form of furnace due to Hancock consists of a number of 
carbon rods in suies, running along the ou.side of the refractory 
chamber, and forming a kind of cage around it. The ends of the 
separate rods are connected by graphite strips, and both are pre¬ 
served from oxidation by covering with a carbon composition, 
highly compressing and baking at a high temperature. 

In describing appliances used in conjunction with resistance 
furnaces, reference is made to automatic cut-outs and temperature 
indicators which are actuated by the magnetic properties of the 
steel under treatment, by utilising the effect of demagnetisation 
occurring at a definite temperature. Types described are the 
Bastian, the Wild-Barfield, and the Stopford-Darling. 

An internally wound electric furnace is described by H. 
Forestier,** and is made up as follows About 4 m. of nic^ome 
wire is wound on a metal tube 3-4 cm. diameter, and the coil is 
covered with a layer of alundum cement, 1-2 mm. thick. This 
is dried, the tube is placed in the axis of an asbestos mould about 
10-12 cm. diam., and the annular space filled with quick-setting 
cement. The whole is then surrounded with a layer of about 
3-4 cm. of asbestos wool, the metal,tube is withdrawn, and the 
furnace is ready for use. The furnace described may be heated to 
1000° C. in 30 mins., and cools to 100° C. in IJ hr. The^ower 
consumption under these conditions is alrout 0-5 kw., or 4-6 amp. 
at 110 volts. * 


Theweiical., 

In a discussion of the theory of high-frequency indftetion furnaces 
by G. Ribaud,i‘ consideration is given to the relation between 
frequency of current, resistance of the bath, and the nature of the 
charge, it is concluded that the energy expended in the body Is 
proportional to the square of the effective intensity, to the diameter 

» BmH. Soc. CUm., 1923, 38, 999; J., 1923, 894a. 
ie Phyiiqw et de Sodium, 1923, 4, 185. 
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of the charge in the furnace, and to the square rodts of the specific 
resistance and of ^he frequency. The state of division of the 
substance is important, and for each substance there is an optimum 
degree of fineness. For bodies of low conductivity the output of 
the furnace passes through a maximum for a specific resistance 
depending on the frequency. 

An investigation of the progressive changes which are observed 
with various types of arcs formed witii increasing currents is pub¬ 
lished by P. A. Bassett.i=^ Carbon arcs and oriUnary flame arcs 
are found to change their behaviour fundamentally with large 
currents. The tendency to produce two arc flames, a positive and 
a negative, is present in an obscure form in practically all arcs. 
In the high-intensity arc this phenomenon has been enhanced to a 
point where the two flames arc separate and distinct, and each 
flame performs a separate function. The effect is caused by the 
repulsion of the main arc from the end of the negative pole. The 
high intrinsic brilUancy obtainable with this type of arc and its 
application to searchlights are discussed. In the case of cored 
electrodes, an investigation is made of the zone in which carbides 
are formed and the part played by them in the brilliancy produced. 

The relation between current, voltage, and the length of carbon 
arcs is discussed by A. H. R. Westman.'® Formulas connecting 
current, voltage, and arc length, which have been derived pre¬ 
viously by Mrs. Ayrton and by Steinmetz, were based on measure¬ 
ments of current amounting to about 30 amps. The present work 
gives the results of measurements made with currents up to 770 
amps. The conditions have been found under which a steady arc 
can be maintained between carbon electrodes with currents of 300 
to 400 amps., and a fairly steady arc with currents up to 800 amps. 
Humming, swinging, and groaning arcs have been described, with a 
way to avoid hem. It is found that an arc can be maintained 
easily with a potential as low as 20 volts. For currents between 
300 and 400 amps., and potential differences across the arc of 55 
to 20..volts, the potential in volts is approximately equal to the 
distance between the electrodes in mm., while for currents of 700 
amp 4 . or so, the voltage is less than the distance. The formulae 
proposed by Mrs. Ayrton and by Steinmetz for low currents are 
found to be not in agreement with the experimental results for 
high currents. 

In a continuation of this investigation by A. E. E. Westman 
and W. J. Clapson,” measurements were made with currents from 
120 amps, to 700 amps, and voltages from 15 to 60, and a technique 
is developed for determining more accurately the relation between 

Trans. Amcr. Blcctrochsm. Soc., 1923, 319 [Advance Copy). 

"Ibid.. 1923, 43, 171. 

” Ibid., 1923, 87 (.ddyance Copy). 
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current, voltage, ,and the length of carbon arcs. These results 
lead to the conclusion that e - 0-99Ij, where c is the voltage across 
the arc, and L the length in mm. from the, tip of.the cathode to the 
bottom of the anode crater. 

Calculations on current conductors in electric funiaces are made 
by A. Pasquier.** An estimate is made of the distribution of heat 
along the carbon electrodes by taking into account the Joule heat 
developed by the passage of the current, the conduction from the 
heated furnace and the radiation losses. Formulse are derived 
which permit the calculation of the optimum length, breadth, and 
shape of electrodes fo” given current and furnace temperature. 

Eleotbodks and Rekeactoiues. 

Data arc given by F. Gall'* relating to the conductivity and 
other projierties ul carbon and graphite, followed by a general 
account of the processes of manufacture of electrodes. 

Information is given by R. C. (!osrow“ on the selection of 
materials for the refractory linings of electric furnaces, and on the 
methods to be employed in the setting of bricks. A classification 
is made of the refractory materials, according to whether these 
are acid, neutral, or basic, and the form in which these can be 
obtained, whether as brick or powder. Formulae for the refractory 
surface coating of walls arc given. The selection of materials for * 
roof construction is considered. 

Calcium Caebide Manukactiiee. 

In an account which has been published of the developments of 
the calcium carbide industry^ a description is given of the nature 
of the chemical reactions which take place and the effect of different 
impurities. With reference to the electrical features, the large 
Continental and American furnaces are of the double three-phase 
alternating current type and have a ratf d capacity up to 10,000 h.p., 
the energy consumption being 1 h.p.-yr. per ton of carbide produced. 
Modem furnaces are mostly of the tapping variety, the o*rbide 
being allowed to nm from the furnace in the molten state. These 
furnaces may be divided into two types, those with two or more 
electrodes admitted through the roof and those with one electrode 
or more through the roof and one electrode at the base. The former 
type involves the higher electrode consumption butjhe latter type 
involves structural difficulties and has other disadvantages. The 
introduction of jxilyphase current for the operation of electric 
• 

»' Rev. Mil., 1923, 20, 591. 

>• Bull. Soc. Ing. Civ. Frawe, 1923, 78, 488. 

^Chem. mid Met. Eng., 1923, 20, 1181. 

Rev. (London), 1923, 92, 126. 
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lOrnMes has effected a marked improvement in efficiency as well as 
an increase in capacity. In some of the modem American furnaces, 
triple three-phase systems are now employed with nine electrodes, 
the total power consumption being about 15,000 h.p., and the 
output 160 tons of calcium carbide in 24 hours. These furnaces 
are covered in, so that the carbon monoxide evolved can be collected 
and utilised and the thermal losses aro considerably lessened. 
Consequent on the introduction of massive transformers, there is 
now a tendency to build furnaces of'a much larger capacity. The 
introduction of multi-pha.se current has also given much assistance 
in the distribution of the load in generating stations. 

Iron and Steel Production. 

Electrothermic Smelting of Iron Ores. 

Data are given by C. de Coussergues^^on the number of electric 
furnaces in operation in different countries—of which Sweden 
occupies the first place—for the production of pig-iron. The 
furnaces employed are all of the vertical shaft or blast-furnace type, 
and, in nearly all cases, use wood charcoal as the reducing agent 
for the iron ore. Under normal conditions the electric smelting 
furnace can only compete with the blast furnace for pig-iron 
production in countries where water power is very cheap or where 
coke* is very dear. Under special conditions, however, electric 
furnaces may be employed for the production of special forms of 
pig-iron. In France, for instance, ferro-silicon and pig-iron are 
being prepared in this manner for the production of malleable 
castings, and in America there is an installation of an electric 
cupola furnace operated hi conjunction with an electric refining 
furnace. 

An account is given by L. Lycke^^of experiments which have 
been carried out over a period of 44 months on a new type of 
electric pig-iron furnace with two shafts. The production of cast- 
iron in such a furnace demands that the three following conditions 
be fulfilled: high temperature, excess of fuel, and long working 
period. In general the simultaneous attainment of these three 
conditions is not easy, so that the successful production of cast 
ironin the electric furnace is difficult. Results are given comparing 
the type of furnace used with other types of electric furnaces, and 
the heat balance of the furnace over a working period is discussed. 

An account, is given by'C. E. Williams, C. E. Sims, and C. A. 

,,Jirewhall*‘ of an electric furnace process for detinning and the 
production of synthetic grey iron from tin-plate scrap. Experi¬ 
ments .were conducted in a small electric furnace in which tin-plate 

’‘Bull. Soe. Ing. Civ. Brance, 1923, 78, 643. 

“SUM u. Eirni, 1923, 43, 110; J., 1923, 456a. 

*• Trans. Amer. Ekckochem. Soc., 1923, 48, 192{ J., 1233,6034. 
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scrap was melted with various addition agents in attempts W 
remove the tin from the iron. Sodium chloride, iron sulphidej 
and an oxidising slag were used under various conditions. It is 
impossible to remove most of the tin in tin-plate scrap or similar 
material by any of the electric furnace melting processes tried; 
moreover it is impracticable to attempt any detinning by these 
means. No tin is volatilised ordinarily when cast iron containing 
it is melted in the electric furnace. The amount of tin volatilised 
during melting in the cupola may be as much as 50% in some cases, 
whereas in otiiers it may be practically nil, depending upon the 
amount of surfaco of ' utallic tin exposed, and the oxidishig con¬ 
dition of the blast. Ijead can be removed completely from iron 
coated with lead and, likewise, zinc can be largely removed from 
galvanised scrap oy melting in the electric furnace. A tin content 
of 1% or less does not seriously affect the physical properties of 
cast iron. It is recommended that tin-plate scrap and used tin 
cans, which cannot profitably be treated by any of the established 
detinning processes, may be treated in the electric furnace to 
produce synthetic cast-iron, using low-grade, tin-free scrap for 
dilution to reduce the tin content of the product to within safe 
limits. 

Electric Sled Furnaces. 

A review of the recent progress made in the manufacture of 
steel in the electric furnace is given by C. de Cousscrgues.“ The 
different systems employed are described and a discussion given 
of the factors which determine the output for a given power expen¬ 
diture and of the direction in which imprevements are to be looked 
for in future designs of furnaces. The three classes of fumaoes 
now in use are: (1) the resistance type in the form of induction 
furnaces, (2) the open arc type, and (3) the arc-on-metal type. The 
induction type possesses certain advantages for special classes of 
work but for the high temperatures required in the treatment of 
iron a sufficiently robust type for largd output does not appear to 
have been developed. Open arc furnaces have developed i]^ the 
direction of small installations. The majority of furnaces in use 
for steel production are of the arc-on-metal type. With induof^imt 
furnaces, the disadvantages which are most apparent with small 
units are low efficiency through heat losses and the “ pinch ” efleot 
which prevents the attainment of a high’temperature. With large 
units, on the other hand, the serious reactance involves the use of 
very low periodicities in order to obtain a reasonable power faotorii 
A periodic!^ as low as 5 is, for instance, necessary with a furnace of 
8 to 10 tons capacity. A further disadvantage is that the slag is 
not heated except by contact with the metal and is thus less 

“BuB. 8oc. Ing. Oiv. Frame, 1923, 78, 423. 
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reactive. Induction furnaces are only really pr/icticable for hard 
and special steels and have only developed to any extent in Norway 
and Germany. In" the ojien arc type, the arc is formed between 
two or three electrodes above and in clo.se proximity to the surface 
of the bath. With small units a voltage as high as 150 may be 
used. The main disadvantages arc the fact that the heat ic not 
produced in contact with the bath and a large proportion is radiated 
on to the walls and roof of the furnace. 

In the arc-on-metal type, an arc is maintained between the 
electrode and the surface of the bath. This system is the one 
most generally in use with steel furnaces and is employed with 
single-, two-, or three-phase current. In nearly all cases the use 
of multiple electrodes is preferred. With two-phase furnaces, 
two suspended electrodes are generally employed, while the common 
return is in some types conneited to the metal of the bath and in 
others to a conducting hearth under the bath. By means of Scott 
connexions, current is taken from a three-phase supply. 

In order to employ the highest practicable voltage, the length 
of the arc must be extended as far us possible, but, at the same 
time, this must remain wholly within the slag or excessive radiation 
of heat to the roof occurs. In the present practice, a voltage of 
between 45 and 55 between the end of each electrode and the 
surface of the bath is employed and the roof is raised one metre 
above the level of the bath. With small furnaces the roof is some¬ 
what lower and the electrode voltage lower by 5 to 10 volts. In 
the latest installations in France and America use is made of a 
system of variable voltage whereby a potential of 120 volts is 
employed during the fusion and later lowered to 80 volts, w’hile for 
the final stages this is further reduced to 50— 60 volts. 

The chief representative of the three-phase type of furnace is 
that of Heroult. The main directions in which improvements 
have been made in the original type are, apart from the size, in the 
shape and structure of the 4)ath and in the reduced clearance and 
impEpved arrangement in the passage of the electrodes through 
the roof of the bath, thus ensuring better sealing, and in the higher 
volfeiges apphed. The power ooMumption for a given output of 
steel varies largely with the nature of the charge and the type of 
steel to be produced. For a 1% carbon steel from mill turnings, 
389 kw.-hr. per ton may be taken as.an average value, while for an 
extra soft ste'el from 90% turnings, 1067 kw.-hr., measured at the 
furnace terminals, may be allowed for. The two main factors 
which limit the efficiency of furnaces consist of heat and electrical 
losses. The heat loss involves the consideration of insulating 
materials. With the electrical loss, the reactance is not serious as 
a power factor of 90% is often obtained. The most serious loss 
arises from bad contacts or by the inductance of metallic masses 
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dose to the circuit.* This eflect is accentuated by the low voltage 
at which the current is employed. 

An historical account of the development of the Heroult furnace 
and its distribution throughout the world is given by J. Suhr.** 
The conditions affecting the development of electric steel manu¬ 
facture in France are described. In comparing the conditions in 
France with those in America, the view is put forward that the. 
reason why the electric furnact has not been as generally adopted 
for steel manufacture in France as in America is largely due to the 
fact that French metallurgical workers possess so much experience 
and skill that they ca... produce, by the ordinary processes of 
manufacture, steel Quite equal in quality to electric steel. -In 
America, owing to lack of proper training, the steel workers can 
only produce steel of this quality by exceptional means, such as 
electrical heating. 

In future applications of the electric furnace in steel manu¬ 
facture, it is considered that the highest economy and efficiency 
will be obtained by utilising it solely for the refining and finishing 
operation in association with the basic process. Units of 30 to 
35 tons consuming 2500 to 3000 kw. are preferable on account of 
their adaptability. The quality of steel is discussed and notes arc 
given on practical points bearing on the processes of desulphuri- 
sation, dephosphorisation, and deoxidation. Data are given on 
power consumption required for different types of steel, together 
with dimensions and electrode current density. 

A series of tests has been conducted with a standard 6-ton 
counterweight type of Heroult furnace at‘the Halcomb Steel Co.^ 
The tests were designed to obtain accurate data on the heat losses 
in furnaces, operating data on electrodes, the merits of dual voltages, 
the effect of high voltages for melting purposes, and electric furnace 
phenomena. The furnace used was supplied by three 500 kv.-a. 
transformers arranged with star comiexions on the high-tension 
side to give 70 volts on the secondary. Che inherent reactance was 
5% and, in addition, three 25- kv.-a. external 3% reactors were 
usrf on the incoming lines, with switching arrangements for cutting 
them in or out as desired. The maximum unbalancing of pl\{ise 
found on an individual furnace amounted to 340 kw. or 21% of the 
connected load. During the melting period the greatest value of 
current obtained was 1-1 tipnes normal. With the electrodes 
submerged in the bath the greatest short-cireuit 'eurrent was 
3-66 times normal. High-frequency waves of the order of 
5000 cyeles^are set up by the arcs in the furnaces as shown by 
oscillograms. External reactance in the furnace line will rdduce 
the power factor and the amplitude of load peaks of swings. During 

«• SuU. Soc. Ing. Civ. France, 1933, 16, 593. 

" E. T. Moore, Elec. World, 1923, 82, «98. 
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the melting period the power factor averages. 90%, during the 
refining period it averages 88%, and for the entire heat the average 
power factor is 89%. Furnace transformers should he built with 
6% inherent resictance and variable-tap external reactors are 
sidvisable, particularly on 25-cycle circuits. 

It is advisable to employ at least 27 in. clearance from the 
refractories for all the electrodes in this type of furnace and to 
increase the capacity of the transfo’'mers to 2000 kw.;the limits of 
dimensions for a single unit when melting and employing one set 
pf eleetrodes and 25-cycle current, is considered to be of 25 tons 
capacity with a power consumption of 4500 kv.-a. For hot-metal 
working a 40-ton furnace with 3300 kv.-a. capacity and 24 in. 
electrodes is very satisfeictory. For melting furnaces using one 
set of electrodes on 60-oyole oirouits 15 tons is the maximum size 
recommended, but 40-ton furnaces may safely be used for hot 
metal work. With regard to the relative merits of 25 cycles and 
60 cycles for furnace work, more reactance must be used on 
26 cycles, but more energy may be admitted to the furnace. Arcs 
on 60 cycles have a greater tendency to persist than arcs on 25 cycles. 
Short circuits in furnaces do not generally occur across all phases 
at once. The unbalancing effect will not cause any disturbance to 
a power system of adequate capacity. Results are given of 
detailed measurement s and chemical analyses during the preparation 
of alloy steels. 

The Chaplet process for the direct production of steel from iron 
ore is described by the inventor.** In this furnace, a conducting 
hearth is used and a vertically-suspended electrode. Experiments 
at Giffre with a furnace of 150 kw. have shown that molten steel 
can be obtained in this type of furnace with a facility equal to 
or even greater than cast iron. The steel produced by thb process 
is said to possess characteristic properties, in that a steel with 
0‘2% carbon is as soft and malleable as ordinary steel with 0-08% C. 
By carefully protecting the metal from contact with air a steel 
has been produced with 2% carbon which could be hammered cold 
in Spite of its hardness. 

A further description of the- Chaplet furnace is given by 
W.'Mason.** The current supplying the arc enters by one or more 
vertical electrodes through apertures in a domed roof and leaves 
through a base electrode which is embedded in the hearth of the 
furnace. Slag is first charged into tlie furnace, then the ore to be 
reduced mixed with carbon in suitable proportions. The reduction 
begins under the action of the arc and the reduced metal filters 
through the slag and collects on the bottom. In experiments with 
this furnace in which more than 15 tons of metal was produced, the 

•• Bull. Soe. lug. Civ. Ftmee, 1923, 78, 606. 

"Bho. Bev. {London), 1923, 93, 190. 
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charge was a mixtijte of hsematite ore and dried powdered charcoal. 
For the production of soft iron, a power consumption of 3430 kw.-hr. 
was required per ton with a furnace of 120 kw." and 2600 kw.-hr. 
with a furnace of 200 kw. The consumption of electrodes amounts 
to 66—67 lb. per ton of soft steel. 

Aneccount of the procedure followed in the manufacture of steel 
from scrap by acid operation is given by J. M. Quinn.®" The con¬ 
trolling factor in the operation of the acid process seems to be the 
quantity of iron oxide present at the time the charge is melted, 
whether present with the scrap as rust or whether it results from 
oxidation due to air ler,’-! in the furnace, or from the addition of 
iron ore. The main diilerence between acid and basic steel is 
determined by the free or nascent silicon, which is displaced from 
silica by carbon at high temperatmes and exerts an effective 
deoxidising action tin the steel, increasing its solidity and freedom 
from blow-holes. Fcrro-manganese is not so effective as silicon. 
Aluminium is the most powerful deoxidiser and is used in special 
cases, the alumina formed combining with the slag. Other reducing 
agents used are titanium and calcium. 

In an article by Allamel®' on the position with electric furnaces 
in Sweden, it is pointed out that in that country the type of furnace 
most generally used is the Rennerfelt, in which the arc is magnetically 
deflected downwards on to the surface of the bath. A movement 
of the metal away from the arc is avoided, a condition which 
facilitates the disengagement of gases from the metal. 

Indudion Furnace. 

• 

A description is given by 0. von Keil and W. Rohland®® of 
measurements which have been made with a Roohling-Rodenhauser 
furnace to enable a complete estimate to be made of the disposal of 
materials and the heat and electrical input. The furnace employed 
was of the douhle-ring type employing two induction cores. Two- 
phase current was applied from a three^hase circuit by means of 
Scott connexions, the current consumed in the primary of Jhe 
furnace amounting to 150-200 amps, at a voltage of 2000 and 
periodicity of 16-6 cycles. The capacity of the furnace was 
8-12 tons of metal. Temperature measurements were made ny 
means of pyrometers and heat conductivity and radiation losses 
were estimated separately. For this purpose measurements were 
made of the temperature and volume of air circulating around the 
furnace. Molten steel was admitted to the furnace and the usual 
refining treatment applied, including removal of phosphorus and 
sulphur, addition of alloys, and adjustment of the carbon. 'The 

“/fWi 1923, m, 1177. 

,» mi Soc. Ing. Civ. France, 1923, 78 , 820. 

'PiStahl u. Eism, 1923, 43 , 1093, 
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power expenditure was measured and ’complete analysis of the 
f\imaco contents, i.c., steel, siag, and furnace gases, was undertaken 
at intervals. A .satisfactory balance was obtained in accounting 
for the materials with the exception of lime and alumina, with 
which discrepancies in the weights of added and recovered materials 
could not be accounted for. The different sources of heat loss were 
determined. A total thermal efficiency of 62% was obtained, and 
it is considered that this value could be increased by improving the 
insulation of the roof by adding loose magnesia as a cover. The 
electrical efficiency amounted to 60%, the chief source of loss being 
the transformer loss, on account of the low power factor of the 
furnace, the value of cos ■\jr being as low as 0-35. By the more 
suitable arrangement of the copper winding of the transformer, it 
is considered that the electrical efficiency could be increased to 
66 %. 

Ferko-Aixovs. 

An account of improvements in ferro-alloy electric furnaces of 
high power input is given by B. D. Saklatwalla and A. W. Anderson.“ 
Furnaces for this purpose are at present in operation in units of 
12,000 kv.-a. capacity. In earlier types it was considered essential 
to the control of the arc,the bath resistance, and the spacing of the 
electrodes to avoid too high voltages, and a range of from 40 to 
80 volts was generally employed. With the introduction of 60-eyole 
current, a limit of 3000 kv.-a. capacity was for some time imposed 
on account of impedance and the serious resistance introduced by 
skin effect. The results are given of measurements made on the 
ratio of a.c. to d.c. resistance with leads of different types taking a 
current of 800 amps, per sq. in. of copper. The reactance voltage 
drop for all of the systems was then calculated for varying power 
factors. The results are summarised as follows : (1) The larger the 
cross-section of the conductor, the larger the skin effect. This 
effect is appreciable at frequencies of 60 cycles for conductors 
greater than J in. diameter. (2) Skin effect is higher in strips than 
in tubes of equi-sectional area with consequent higher power loss. 
(SV Distribution of the current over the sectional area of a con- 
dpetor is not affected by the inductive disposition of the conductor, 
since the internal inductance is unaffected by the mutual induct¬ 
ances. (4) Inductive reactance may cause considerable voltage 
drop in the electrode leads. 15) The larger the diameter of the 
conductors‘the less the inductance. (6) The farther apart the 
conductors the larger the inductance. (7) When inductive reactance 
expressed as per cent, reactance drop amounts to 20% or more, the 
acthal volts drop in the line increases rapidly with de’ereased power 
factor. A description is given of a system of interlaced copper 

3*i/. .'Ifmr. Aifft. Eke. Eng., 1923, 42i 775. 
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tube which is employed with delta-connexions with a furnace of 
4000 kv.-a. capacity running at 220 volts. By this arrangement 
shght unbalancing of phases does not materially affect the power 
factor. Heavy unbalancing, however, sets up impedances at which 
the power factor falls and leads to a drop in the voltage at the 
furnUCc due to reactive inductance, to a greater extent than in the 
case of interlaced strips. A better protection for sudden overloads 
is thus jwovided. 

An automatic control is described which maintains a balance on 
each of the electrodes by means of true w'att regulation. Factors 
in the design and ooni t .iction of an electric furnace arc discussed, 
which enable a power factor of 99% to be obtained. A now type 
of electrode holder is described, which enables an electrode to be 
changed in one to two minutes. 

Fr.rru- Vaimliuin. 

A descrijhion is given by F,. K. Kcott,-'* of an electric furnace, 
which has been designed by 15.1). Saklatwalla and A. N. Anderson 
on the lines described above for the preparation of ferro-vanadium. 
The input is 4000 kw. three-phase at 220 volts, 60 cycles. The, 
furnace is built of cast-iron segments bolted together, mcasming 
16ft. 4in. long, 12ft. Sin. wide, and 7ft. 10 in. high. The total 
weight with roof and electrodes is about 80 tons, and the furnace 
is mounted on rollers so airanged that, when it needs rc-lining, it 
can be rolled away and replaced, a change of furnace being effected 
in two hours. Two taj) holes are provided in the side, one for 
metal and the other for slag. Round tRe sides next to the Iron 
there is a layer of fire bricks, inside which is a mass of tamped 
graphite. The hearth is made of blocks of electrode carbon. In 
the bottom there are two layers of flint and firebrick, then a thick 
layer of crushed magnesite, over which graphite is tamped, and 
finally slabs of carbon. The roof is arched with firebricks set in 
sections between rectangular pipes, through which cooling water 
circulates. The electrodes are of graphite, which is chos6«l in 
preference to amorphous carbon because of the high current density, 
namely, 100 amp. per sq. in. The diameter is 12 in., which is*the 
largest commercially available.’ Before being taken to the furnace 
each electrode has a copper ring wedged on to it by bronze wedges, 
and the outside of the ring is tapered to suit the insid^of the holder 
over the furnace. On lowering into the holder, the electrode ring 
makes a friction contact by its own weight. This arrangement 
obviates th» necessity of conducting any work above the furnace 
roof. The regulating mechanism by which the electrodes are 
moved is usually sensitive. The mechanism comprises a watt 

Eiiyiiuier, 1923, 186, 036. 
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balance of the Kelvin type, which actuates a contact maker and by 
means of a special mechanism maintains a phase balance. The 
conductors which carry current to the electrodes consist of copper 
tubes which extend through the furnace walls between the trans¬ 
former house and the furnace room. Flexible cables lead the 
current from these tubes to popper tubes, which are connected to 
the electrode holders and carry cooling water. The electrical 
phenomenon known as “ skin effect,”,is an important consideration 
when deciding upon the section and arrangements for conductors 
of currents amounting to 10,000 to 12,000 amps, per phase, especially 
when at frequencies as high as 60 cycles per second. The con¬ 
ductors are of such a thickness that the current density is about 
800 amps, per sq. in. when carrying 12,000 amps, per phase. The 
tubes are spaced at 7 in. centres and the tubes of each phase are 
interlaced with those of the other phases; the Ilexibles are also 
interlaced. It is arranged that when the furnace is working 
normally with nearly unity power factor and the phases in balance, 
the reactance voltage drop is very low. At the same time, if there 
should be sudden overload, as in the case of a short circuit and 
unbalancing of phases, then the power factor drops automatically 
and the reactance voltage is so increased as to protect the plant 
automatically. A usual furnace charge consists of Peruvian ore, 
slag from previous runs, carbon, and certain fluxes. All the 
materials are ground to a fine powder and thoroughly mixed 
together, and the mixture is fed into the furnace by screw conveyors, 
and falls through openings in the roof between the electrodes and is 
fed in continuously. Thq gases from the furnace are carried oft by 
two duets, which lead from the top of the furnace to a high chimney. 
The ferro-vanadium produced contains 35% to 50% of vanadium 
and is largely used for making tool steel and for the steel framing 
of motor cars and trucks. 

Fmo-Tnngsten. 

Aq^ account is given by K. P. Grigorovitch®® of experiments on 
the manufacture of ferro-tungsten from Japanese scheelite. 

■ Electric Fcbnaces foe Non-Fereous Metals. 

Electric Brass Furnace Practice. 

An exhaustive Report is published by H. W. Gillett and E. L. 
Mack,®* on the use of electric furnaces in non-ferrous metallurgy. 
'"The publication embodies the results of experiments on these 
types'of furnaces conducted by the Bureau of Mines' at Cornell 
.yniversity, Ithaca, and also the results of trials made in coUa- 

•‘Jtw. M(t., 1923, 20, 183; J., 1923, 468a. 

•• U.S. Bureau of Mines Bull. No, 202, 1922, 334 pp. 
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boration with indijstrial firms, and discusses generally the position 
with industrial applications of these furnaces. The scope of the 
enquiry is classified under three headings ; (1) Collection of data, 
for comparison, on the performance of fuel-fired brass furnaces; 
(2) experimental work to show whether zinc losses could be reduced 
by eleotric melting, without regard to the question of whether or 
not the type of furnace used was likely to be useful commercially, 
and (3) attempts to find out, through laboratory teste, inspection of 
commercial furnaces, attendance at commercial tests, and collection 
of data, what different types of eleotric furnaces have done or may 
be expected to do uit' t various conditions. Not less than 80 
different types or different makes of the same type of furnaces have 
been used, tried, or suggested for melting copper, brass or bronze^ 
aluminium, or nickel alloys. 

The general conclusion arrived at is that electric melting 
gives the advantages expected and usually provides the best 
and cheapest way to melt brass and many other non-ferrous 
alloys. It is considered to be only a matter of a few years 
before fuel-heated furnaces are largely supplanted by electric 
furnaces for these purposes and electric furnaces will become the 
standard type for brass melting. The main advantage which is 
gained by the adoption of electric brass melting is the avoidance of 
the loss of zinc, which results from volatilisation and oxidation in 
the case of fuel-heated furnaces. This result is due to the better 
exclusion of air and furnace gases in the electric furnaces, whereby 
contamination by sulphur is also avoided. Electric furnaces enable 
the use of larger units than can be employed satisfactorily with 
the fuel-heated type. This results in gredter uniformity of product, 
lower labour cost and increased production. Eurther on account of 
the cooler and cleaner working conditions, the elimination of much 
hard manual labour, and the avoidance of zinc fume, the electric 
furnace leads to an improvement in the comfort, health, and safety 
of the workmen. 

The work of the Bureau also included the laboratory develop* 
ment and semi-commercial testing of the Rooking type of fuanace 
which has been brought into commercial use by the Detroit Electric 
Furnace Co. * 

A further account of the oj^ration of the new type of induction 
furnace developed by the General Eleotric Co. is given by J. 0. 
Crawford.” In this design, the melting"chamber at the top of the 
furnace resembles an ordinary crucible undemeatL which, and. 
communicating with it through ports, is another receptacle in the 
form of a hellow drum with its axis horizontal. The lower chc.mbei 
encloses a primary winding, an annulus of the molten metal which 
forms the seconds^ of the transformer and connects with tlw metal 

" Blta. World , 1923, 82 , 583 ; aka Amor . MoMniot, 1923, 59 , 153. 
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above, and one am of a laminated core which jjasses through the 
hollow centre of the chamber. When molten, a circulation of the 
metal takes place 'between the melting chamber and the heating 
chamber by the magnet c force of repulsion, which exists between 
primary and secondary in the transformer. An axial displacement 
or tilt of the primary relatively to the secondary causes the'fluid 
pressure due to this force to be greater at one end of the secondary 
cylinder than at the other. Furnaces consuming 75 kw. have been 
employed for the melting of brass and copper, the holding capacity 
being 1200 lb. and pouring capacity 750 lb., representing a power 
consumption, when in continuous operation, not exceeding 
220,kw.-hr. per ton. 

: In the Kyan electric furnace®* which has so far been constructed 
in units of a holding capacity of 125 lb. of metal, the heat is developed 
by the passage of a regulated current through a stationary graphite 
electrode. Temperatures up to 2250° 0. are obtained and, in dis¬ 
tinction from the arc furnace, an equal diflusion of heat over the 
whole bath results and superheating is avoided. This feature is of 
particular advantage in dealing with rare alloys by avoiding 
oxidation. The furnace is specially adapted for the melting of 
refractory metals and alloys, such as ohromium-nickel-vanadium, 
and chromium-nickel-tungsten. It i.s not considered that units of 
over 500 lb. capacity will become practicable owing to restriction in 
the size and length of the electrodes and their disposition throughout 
the furnace. The contacts at the end of the electrodes arc cooled 
by water jackets and attached to bus bars leading to the transformer 
set placed immediately behind the furnace. The transformers are 
provided with tapped windings, which arc connected with a radial- 
type switch; this enables a wide range of temperature control to 
be secured. The furnace is hned with standard magnesite brick, 
both in roof and hearth, and is either stationary or of the tilting 
type furnished with a pouring spout. Provision is made, by 
mounting units of the furnace on trucks, to disconnect one unit and 
connect a second one within an interval of 5 mins. It is claimed 
that* the consumption of electrodes and power is no higher than 
that which exists in the best electric melting practice. 

In an induction furnace developed by the Compagnie Fran^aise 
de Metaux®* the design is adapted for use with three-phase current 
and the surface of the metal in contact with the air is reduced to 
the greatest possible extent. Three'magnetic poles are fitted and 
surrounded by the primary windings while the secondary of the 
system consists of two concentric rings or channels of rectangular 
section composed of the molten metal under treatment. The 
exterior channel communicates at one extremity with the pouring 

‘‘ Ghem. and Met. Eng., 1923, 28, 1035. 
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spout, while the^ channel is fed at a point diametrically opposite 
with the molten metal to be refined. The interior ring connects 
with the exterior channel, near both the charging and discharging 
points. The furnace is mounted on a tilting mechanism. 

A description is given by A. P. Child*® of a 60-kw. brass melting 
furnace of 200 lb. capacity which was designed and is operated at 
the University of Wisconsin. The furnace is in the form of a cylin¬ 
drical dram mounted on runners with axial electrodes and is rocked 
by a reciprocating mechanism. The speed of working is about one 
cycle per minute. The shell of the furnace is constructed of sheet- 
iron and is 28 in !<• ; with a diameter of 30 in. The lining is 
constructed from fire-sand. Data are given on temperature/, out¬ 
put, power consumption, and thermal losses and efficiency. 

Tin Recovery from Slwjc. 

A description is given by K. Gottschalk and W. KroU** of 
experiments made on the reduction of tin from various tin smeltery 
slags in a 250-kw. electric arc furnace. The furnace was lined 
with magnesite bricks and was operated at 120 volts. The power 
consumed was approximately 04 kw.-hr. per kg. of liquid slag and 
M kw.-hr. per kg. of solid slag. The charges consisted of mixtures 
of blast-furnace and reverberatory and refinery slags, flue dust, • 
coke, and lime. The product obtained consisted of tin “ hard 
head ” containing over 80% of the total tin and copper, together 
with much iron, some lead and antimony and traces of zinc. The 
metal was then treated in a converter and the final slag usually 
contained less than 0-4% of tin. 

Aluminium. 

An account of recent progress in the aluminium industry is given 
by Guerin,*® who describes recent developments which have taken 
place in Franoe, in which country a total power consumption of 
107,800 kw. is now employed for the production of alumijjium. 
An important factor which applies is the difficulty of the supply of 
electrodes. It is necessary to import petroleum coke, and jesin 
and pitch which arc used for agglomerating the carbon have 
become more and more scarce since these products are employed in 
road construction. The electrodes must contain less than 1% of 
ash and their quality depenSs not only on the purity of the raw 
materials, but also on the thorough removal of gas and on their 
baking, which is now brought about with good results by electric 
heating. * ' 

"i'ny. and Min. J., 1923, 116, 278, 
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The intensity of current in the cells has be^n increased from 
SOW to 20,000 amps., which amounts to a current density of 70 to 
80 amps, per sq. foot, and the potential fall is from 7-8 volts per 
cell. It has been found that aluminium can be efficiently protected 
against corrosion by air by coating with a very thin layer of hydro¬ 
genated cottonseed oil. The local corrosions which are sometimes 
produced with aluminium seem to be rather due to traces of oxides 
or inclusions in the metal. The presence of aluminium carbide, 
which forms at comparatively low 'temperatures, is excluded by 
avoiding access of gases containing carbon from the metal when 
molten. Aluminium forms an alloy with iron which is deleterious 
whep present in appreciable amounts. The presence of silicon is 
useful as a constituent of some aluminium alloys, notably “ alpax.” 

Copper Ebfinieg and Extraction. 

Recent advances in the technique of the electro-metallurgy of 
copper are described by Altmayer“ as consisting mainly in improve¬ 
ments which have been made in the use of colloidal and other 
agents in the purification of the electrolyte and the complete 
extraction of the precious metals occurring in the anode slimes. An 
account is given of the general working of the refinery at Great 
Falls, which was brought into operation in 1918. In this plant a 
metal is refined which already contains 99% of copper, together 
with 8-6 oz. of silver and 0-3 oz. of gold per ton. The anode slime 
remaining from the electrolysis contains, after drying, about 
440 kg. of silver and 3 kg. of gold per ton. The daily addition of 
gelatin for a section of -120 vats may amount to from 280 to 
840 grama. 

The purification of the main electrolyte is effected as follows: 
The solution is evaporated down to a density of 48° B. in a special 
reservoir through which steam-heated coils are petssed. It is then 
led to crystallisation vats, where about 8% of the copper is deposited 
as sulphate crystals. The solution is then electrolysed in vats with 
insoluble anodes, whereby the residual copper is deposited together 
with arsenic, antimony, and bismuth. The impure electrolytic 
copper thus obtained is returned to the smelting furnaces and added 
to the copper to be treated at the converters, while the remaining 
solution is concentrated by boiling up to 66° B., and iron and nickel 
are extracted in the form' of salts. .The copper sulphate crystals 
are employed’for preparing fresh electrolyte. 

With regard to the direct extraction of copper from ores, two 
typical examples are given. In one which is operated by the New 
Oimaelia Copper Company, the mineral treated consists of slightly 
bamo oxide and carbonate ores, containing an average of 1-63% 

•• BmH. Soc. Ing. Civ. France, 1923, 78, 808. 
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of copper. After teaching with sulphuric acid, thd solution is treated 
in towers with sulphur dioxide, whereby ferric sulphate is reduced 
to ferrous. The liquor is then electrolysed and made to pass 
through the same cycle of operations after adjustment of the acid 
content. The efficiency of this process depends on regulating the 
content of ferric sulphate which, if too concentrated, leads to the 
destruction of the linings and lead pipes as well as of the cathode. 

In a process employed by t!.e ChiU Copper Co., minerals contain¬ 
ing an average of 2-1% of copper and almost entirely free from 
arsenic, antimony, and bismuth are treated. The ores are dis¬ 
solved in a solutioi, ot -dphuric acid of 8-9% concentration. The 
solutions are electrolysed with anodes of ferro-silicon, which resist 
the attack of the residual chlorine. 

W. E. Hughes^* gives an account of theoretical and practical 
aspects of the subject of the electro-deposition of copper. 

In the Mackay electrolytic process for copper ores,*® the sulphide 
ore is roasted in a specially designed furnace, which enables the 
temperature and air supply to be accurately regulated so that the 
copper remains combined as sulphate, while iron and other impurities 
are eonverted into basic insoluble salts. The roasted ore is leached 
with water or spent electrolyte from a previous electrolysis in order 
to dissolve the copper sulphate until the solution contains about 
3% of copper. After leaching, the neutral solution is separated by 
a filter press and the clear solution mixed with spent electroljrte so 
that the final solution contains about 2% of copper and from 1-6% 
to 2% of free acid. This is then electrolysed with a c.d. of about 
10 amps, per sq. foot of cathode area until about 60% of the cqpper 
in the electrolyte is deposited as metal and the equivalent of sul¬ 
phuric acid formed. In continuous operation the solution circulates 
in a closed circuit through the ore on the one side and electrolytic 
vats on the other until the copper is extracted from the ore and 
deposited on the cathodes, and the combined acid is regenerated as 
free acid in the solution. Small amounts of iron and aluminium 
salts which accumulate in the electrolyte are removed by means of 
a stream of air, whereby iron is oxidised to ferric salts ancTpre- 
cipitated as oxide together with alumina. ^ 

A plant using this process has been designed for construction in 
Australia and will treat BOO tons of silicious ore containing 4% of 
copper per day. 

’ZlNC. 

Mlectro-tkemal Processes. 

A comprehensive report on the electro-thermal metallur^ of 
zinc has been published by B. M. O’Harra.** A review is given of 

• Beama, 1923,12, 19, 92. 

'£nf. and Min. J. Press, 1923, 116, 975. 

! V.S. Bureau oj Mines, Bull. No. 208; J., 1923, llSlx. 
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the principal work done during the last twenty yeais on the recovery 
of zinc from ores by electrical distillation and includes descriptions 
of the chief patents' with illustrations of the furnaces used as well 
as extensive excerpts from the technical literature. Special 
attention is paid to the processes of de Laval, Johnson, Imbert, 
Thompson and Fitzgerald, Cote and Pierron, Snyder, and Fulton. 
The difficulties of condensing the zinc vapour are described and the 
necessity of a well designed condenser is emphasised. The temper¬ 
ature of the gas issuing from the electric furnaces has a tendency 
to be higher than that from retorts, resulting in the production of 
excessive quantities of the blue powder. Successful attempts to 
melt, this material by subjecting it to a rubbing action above the 
melting point of zinc have, been made in Scandinavia. The 
recovery of zinc by electric smelting is higher than that in the 
retort process, and the cost of retorts and loss of zinc from absorp¬ 
tion and diffusion are avoided. Generally a recovery of (Hi-Sib % of 
the zinc should be possible, whilst the lead, copper, and precious 
metals remain in a residue which is suitable for direct blast-furnace 
treatment, for their recovery. Again complete recovery of sulphur 
is not necessary, as iron formed during the process decomposes 
zinc sulphide, and the ferrous sulphide so produced is not, as in the 
retort piocess, detrimental. Given cheap power, electrothermio 
smelting of zinc ores should be cheaper than either the electrolytic 
or the retort process. 


Electrolytic Processes. 

Recent progress in the electrolytic recovery of zinc relate mainly 
to the systems of purification, circulation, and regeneration of the 
electrolyse. The main methods at present estabhshed for this 
process arc those employed by the Anaconda Copper Company, in 
which a low current density, i.e., 20-30 amps, per sq. foot, is used 
and the system of Tainton in which current densities of 100 amps, 
and upwards per sq. foot are employed. In this case the circulation 
system is naturally very different, it being necessary to cool the 
electrolyte effectively and to arrange a more rapid circulation in 
order to avoid “ sprouting,” which is followed by short circuits at 
the electrodes. Amongst other advantages, this process leads to an 
acceleration in the production which entails an economy in the 
capital outlay and overhead charges incurred by the plant and 
materials. 

The extraction of zinc is now the most important electrolytic 
process after that of copper. The general conditions ijecessary to 
its economy may be defined as the availability of large quantities of 
ore of an adequate metal content, the amount of silica to be not too 
high, and the composition of the ore to be sufficiently constant to 
avoid modifying the routine in the preparation of the zinc solution 
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for electrolysis. ,The process is suitable for complex ores whicb 
cannot be economically treated by smelting methods. 

An account is given by J. 0. Betterton® of experiments made on 
the direct leaching of zinc ores with sulphuric acid and the subse¬ 
quent extraction of the zinc by electrolysis. The ore contained 
relatively large quantities of soluble silica, also vanadium. These 
substances were precipitated from the acid leach solution and 
removed by a filter-press. The filtrate was treated with zinc dust 
before going to the cells for electrolysis. Considerable trouble was 
found with the separation of gelatinous silica from the slightly acid 
siUcatc solution used f' • the leaching. The main factors affecting 
the formation of this gel were found to be the conoentratio,fi of 
zinc and of free acid. The higher the concentration of these sub¬ 
stances the shorter the interval which elapsed before gel formation. 
With increasing 'i.ntent of silica, the time interval preceding 
incipient gel formation is shortened as the silica is increased from 
8 to 10 g. per litre and then rapidly increases when the silica content 
increases from 10 to 13 g. per hire. A method of removing the 
silica from solution in a filterable and washable form is developed 
and consists in making the solution alkaline by the addition of 
zinc oxide fume. By adding 5 lb. in excess of zinc oxide to 2 tons 
of solution containing 1% of silica and 5-8% of zinc and heating 
to a temperature of 90°-100° C., the silica is nearly all removed in • 
less than one hour ; 1-2% of the total sihea still remains, however, 
and is precipitated during the zinc dust treatment. The silica 
separates rapidly from the first, but until precipitation is practically 
complete the clear supernatant solution will not pass through a 
filter paper. The precipitated silica filters and washes readily 
after the reaction is ended, the gelatinous condition occurring with 
the dissolved silica which is in the transition stage. 

A method is devised by S. Field and W. E. Harris,** in which use 
is made of the Al-Hg or Zn-Hg couple in eliminating impurities 
from the slightly acid solutions obtained from the leaching of the 
ore. These solutions are first freed from iron and nickel. Mercuric 
sulphate is then added followed by zinc powder or zinc blue. »The 
more electro-positive metallic impurities are deposited, while the 
evolution of hydrogen is prevented by the high overvoltage o» the 
surface of the alloy formed. Economy of zinc is effected by this 
method and the process becomes apphcable also in oases in which 
high acid content would prohibit purifleation owing to high con¬ 
sumption of zinc. An estimate of the costs of the purffication 
chemicals is included. 

An invostigation of the chemical, physical, and mechanical 
properties of electrolytioally deposited zinc from sulphate solution 

" Eng. ami Min. J., 1923, H6, 07. 

** Tmns. Amr. Ekkrochem. Soc., 1923, 269 {Advance Copy ); J,, 1923, 
1076a. 
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luiB been made by ijl. von Schwarz.*' The metal ojbtained is of about 
96'9% purity. It is observed that during the electrolysis zinc 
orystels are deposited in directions normal to the cathode surface. 
A peculiar ring structure is exhibited by sections parallel to the 
latter. Electro-deposition occurs most readily at angles, comers, 
and rough parts of the cathode. The brittleness of electrslytic 
zinc is attributed to the presence of hydrogen, which, in the case 
of the sample investigated, was found to be present to the extent 
nf 0-065%. When electrolytic zinc'is melted the hydrogen flame 
can be observed. When heated to 105°-110° C. for some hours a 
loss of weight of 0-026-0-04% occurs. A plate of zinc so treated 
becomes curved slightly and a considerable volume of hydrogen is 
evolved. When heated to a temperature above 180° C. the plate 
becomes very curved, the concavity being directed towards the 
original cathode surface. The phenomenon is accompanied by a 
decrease of 0-7 in the density of the metal. The electrical conduc¬ 
tivity of electrolytic zinc is practically the same as that of pure 
zinc, but the value at 195° C. is much below the anticipated value. 
This decrease and the decrease of density occurring at about the 
same temperature are not reversible phenomena, but are connected 
with the evolution of hydrogen. Determinations of hardness at 
high temperatures are in agreement with the customary values 
Very little, if any, hydrogen is dissolved in electrolytic zinc oi 
electrolytic iron which has been stored for a long period. 

An extended investigation is made on the electrolytic extraction 
of zinc from Swedish ore by means of the Siemens nnd Halske 
process bv W. Palmser and A. Wejnarth." The relative merits d 
the use of chloride and sfulphate solutions are compared and iiu 
latter is found preferable. In continuous operation, one half d 
the zinc is extracted from a given electrolyte before regeneration 
with an average current efBciency of 76%. By employing a current 
density of 26 amps, per sq. foot of cathode- and an average voltage 
of 3-6, a deposit 3 mm. thick is obtained in four days. A die- 
cuBsion is given of the methods of roasting and leaching the ore, 
the purification of the solution, and the specific influence of different 
impurities present on the deposited metal. With regard to colloida! 
additions to the electroljrte, it is found that no marked advantage if 
obtained by the presence of small amounts of glue and its use is not 
recommended. The anodes used are of electrolytic lead and theii 
consumption, which is mostly recovered in the form of disintegrated 
metal and oxide, amounts to 0-8-1% of the weight of zinc deposited 
Al uminiu m is found to be most suitable for the cathode starting 
‘ sheets.^ A useful property is the passivity which this metal assumef 
in the acid electrolyte. The deposited metal is in a state of straii 

•‘‘•2. EkUrochem., 1923, 28, 198; J., 1923, 607a. 

“ im„ 1923 , 89 , 557 . 
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which oausea the fine to become bent without, however, cracking.,, 
This efioct diminishes the adhesion of the metal to the cathode and 
thus facilitates its separation. 

An investigation is made of the crystalline form of the electro- 
deposited zinc by means of X-ray analysis. The theory which 
assumes a transition from amorphous to a crystalline form on 
standing is rejected and it is considered that a reorystallisation 
occurs in accordance with Tammann’s theory. The changes of 
resistance and electrode potential during the electrolysis are 
measured.- An opinion is given on the economic outlook for the 
electrolytic extraotioi’ of zinc compared with electrothermal 
methods. It is estimated that a power expenditure of 0-8 kw.-year 
per ton of zinc is needed in electrothermal treatment compared 
with 0'46 kw.-year per ton by the electrolytic process. 

Ikon. 

An account is given by H. D. Hineline® of experiments which 
were carried out to determine the type of plating bath that would 
give good deposits of iron on to irregularly-shaped rubber articles. 
A conducting coating on the rubber is easily obtained by varnishing 
it, and then brushing in graphite. After trying various composi¬ 
tions, good heavy deposits up to J-in. in thickness and high throwing 
power to ensure filling the cre-viees were obtained with an electrolyte 
of ferrous and calcium chlorides, containing chromous chloride and 
quinol as reducing agents. The best results were obtained 
■with current densities of 26-75 amps, per sq. foot and temperatures 
between 60° and 70° C. The solution should contain frtai 0.'01% 
to 0-6% of free acid to prevent the precipitation of ferrous hydroxide 
or ferrous carbonate. 

CADMnrM.“ 

The sources of cadmium are the precipitates obtained by the 
addition of zinc powder in preparing a zinc sulphate electrolyte, or 
the fumes and dust disengaged in zinc or lead smelting, which are 
collected in dust chambers or filters. Cadmium is exttact<fl at 
two factories in America. In one at Kennett, the raw material, 
which contains only 0-66% of cadmium, is treated with'sul- 
phuric acid, chalk is added and at the same time the material is 
oxidised by subjecting it to a current of air, whereby iron, arsenic, 
and about half of the copper hre precipitated. On Oie addition of 
zinc powder a precipitate is obtained containing 25% of cadmium. 
The subsequent operations consist in lixiviation by sulphuric acid, 
separation of the solution and the residue ot copper, precipitation 
of cadmium in the form of spongy metal, solution of cadmium in an 

“ Tnmt. Amer. Skdrochem. Son., 1923, 48, 21 ( J., 1923, 18Sa. 

Altmayet, ioc. cit. 
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acid electrolyte, elimination of iron, and thallium, if present, and 
electrolysis with lotating aluminium cathodes/ The presence ol 
arsenic involves a. modification of the routine in order to removi 
this element as AsHj. In a works at Midvale, a material containing 
15%of cadmium, 20% of lead, and 60% of arsenic is treated. Th( 
product is roasted, leached, treated in a reverberatory furnace 
again leached, and after neutralisation of the solutions by lime tc 
remove the remaining impurities, the filtered liquor is subjected tc 
electrolysis. It is necessary to avoid the presence of iron or raising 
the temperature, which encourage solution of the cadmium at the 
cathode. 

, Lead. 

The method universally adopted in lead refining is the Betti 
process ; the anodes should contain not less than 98% of lead ; the 
most harmful impurities are tin and tellurium. The electrolyte 
consists of lead fluosilicate and free hydrofiuosilicic acid. The 
system of electrolysis and arrangement of vats are similar to those 
employed in the refining of copper. The c.d. employed is 18 amps 
per sq. foot; temperature 37°—38° C. ; the quantity of gelatir 
added is carefully regulated and amounts to about 1 kg. pel 
ton of lead deposited. It is necessary that the slimes should adhere 
to the anodes as their collection at the bottom of the vats woulc 
form a conducting layer. The adliesion is assisted by the presence 
of arsenic and antimony (together amounting to about 0-6%) 
These slimes contain 10-16% of lead,35-40% of antimony, 5-10°/i 
of bismuth, 15-16% of precious metals. It may be taken, in general 
that the'Betts process is not suitable for impure lead. With a lov 
price for power and skilled attendance, the Betts process can oftei 
compete with that of Parkes. 

Tin. 

The amount of tin produced is small compared with other metali 
and its electrolytic recovery is limited to special cases. It has beei 
applied and found renumerative in America on account of thi 
reco’^ery of precious metals which cannot be achieved with a goo( 
yield by ordinary processes. The tin content of the anode variei 
froA 96% to 98% ; the electrolyte is a fluosilicate of tin preparcc 
in the vats themselves. In the process of Whitehead, the cathod 
is protected by a porous vase and an electrolyte containing 20 %o 
hydrofiuosilicic acid and 0'1% of sulphuric acid is employed. Th( 
function of the sulphuric acid, the amount of which should be helc 
constant, is to precipitate lead, which is a harmful impurity. It i 
further necessary to avoid the presence of iron. The c'.d. is abou 
18 amps, per sq. foot, and the temperature of the electrolyte i 
kept below 20°C. in order to avoid the decomposition of hydro 
fliuosilicio acid into silicon fluoride. 
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Nickel. 

The Hybinette process which was developed in Norway has been 
improved and applied on a large scale by the ‘British American 
Nickel Corporation, Ltd. The characteristic features of the 
American process arc the production of a matte with 56% Ni and 
24% Cu ; after grinding and roasting at a low temperature, this 
is leached with a solution of sulphuric acid whereby part of the 
copper is dissolved and a so'ution given containing 4’5% Cu, 
0-8% Ni, and 1% of free acid, which forms the electrolyte. The 
residue from the leaching is dried, melted, and formed into anodes 
containing 80% Ni, It/ , Cu, and 2% Fe. The electrolysis, con¬ 
ducted at first with soluble copper anodes, gives copper on the 
cathode until the content of this metal in the electrolyte is lowered 
to 1-5%. The content of the nickel in the electrolyte is increased 
and that of the copper lowered by continuing the electrolysis with 
soluble nickeliferous anodes, when some of the copper is displaced by 
solution of the nickel. The electrolysis is then continued with the 
use of insoluble anodes of antimonial lead, when with a c.d. of 
2.50 arop.s. per sq. foot, the addition of gelatin, and the use of a 
temperature of 75° C. Ni is deposited. The electrolyte is cooled 
and nickel sulphate crystallised out and dissolved to form fresh 
electrolyte. The acid mother liquor is employed for leaching 
matte. The essential point of the process consists in controlling 
the proportions of nickel and copper in the matte. In this process 
the losses of copper and nickel are small and practically the whole 
of the precious metals arc recovered. 

SiLVEE. 

A description is given by A. H. W. Cleaveof a cell which has 
been developed at the Ottawa Mint for the electrolytic refining of 
silver which enables a greater output than with the Moebius cell. 
The crude silver containing 10-16% of base metal is cast into 
anodes. The cells employed are annular, 36 in. in diam., and 
provided with a hollow centre in which is situated the suppor* for 
the cathode carrier. The electrolyte is contained in the annular 
space between the outer and inner walls of the cells. This spaee-is 
8 in. wide and 18 in. deep. The cathodes rotate at a peripheral 
speed of 40 feet per min., which serves to keep the electrolyte weU 
mixed and to prevent any tendency to stratification. The c.d. 
may range from 75 to 160 amps, per sq.foot without unduly increas¬ 
ing the temperature of the electrolyte or fouling it or increasing 
the resistance of the cell abnormally. The working voltage fii the 
cell does not exceed 1-2 volts at 76 amps, or 2'6 volts at 160 amps, 
per sq. foot of cathode area. The highest temperature of the 

“ Eng. and Min, J., 1923,116, 21. 
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electrolyte at 75 amps, is 30° C., and 40° at 150 amps, when m 
oontinuous operation. By means of specially designed cathodes, 
and multiple grouping of the anodes, the current becomes a 
pulsating one, which causes the deposited silver to adhere loosely 
to the cathodes so that it is easily removed. The cathodes are 
automatically stripped by means of a scraper, which can be adjusted 
so as to keep the spaces between the anode and cathode faces 
constant. The silver stripped from the cathodes falls into remov¬ 
able trays, which are emptied at intervals of about four hours. 
The deposited silver is dense and crystalline and is of a purity of 
99-90-99-99%. 

Manganese. 

An account of some properties of electrolytic manganese is 
given by A. N. Campbell,** Determinations were made of the 
density and chemical properties of the metal and the results of 
potential measurements in salt solutions are detailed. 

General. 

A theory of the mechanism of crystal formation in electro¬ 
deposition is outlined by W. Blum and H. S. Rawdon.** The 
principal types of crystalline structures observed in electro-deposits 
are cl^sified and the conditions which tend towards the formation 
of the different types are discussed. 

An account is given by H. E. Haring and W. Blum*® of the current 
' distribution and throwing power in the electro-deposition of metals. 

In- an article on the corrosion of electrolytic iron by W. B. 
Hughes,*® it is concluded that the properties of electrolytic iron 
depend largely on the nature of the solution used for its production. 
The differences are attributed to the effect of inclusions of salts in 
promoting corrosion. 

The conditions which affect the electrolytic deposition of 
chromium are outlined by E. Liebreich.** 

An article on the chromium-plating of steel by using chromium 
anodes is published by K. W. Schwartz.** 

'■*• Chmi. Soc. Tmna., 1923, 123, 2323 ; J., 1923, 1133a. 

Trans. Armr. Electrockem. Soc.t 1923, 247 {Advance Copy ); J., 1923, 

1078a. 

365 {Advance Copy)\ J., 19S3, 556a. 

« Chem. a»a Met. Eng., 1923, 29, 536; J., 1923, 1074a, 

' Elektrochem., 1923, 29, 208 ; J., 1923, 607a. 

•• Trans. Amer.Blectroc^m. Soc., {Advance Copy); J., 1923,891a. 
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OILS, FATS, AND WAXES. 

By RussEii G. Belly, 

Tdehnkal Research Works, Ltd., London. 

General. 

It does not appear that any very rapid or far-reaehii^ advances 
have been made durinj; le period under review in either the science 
or the technology of oils and fats, but it is certain that in both 
steady progress has been made. 

In the trade in oilseeds, oils, and allied products there are few 
points worthy of .r,pecial comment; conditions appear to be 
gradually becoming more stable and the prices of raw materials 
have been more on a normal basis. 

One curious feature of the trade in oils has been the relation 
between the price of “ acid oil ” and the crude oil from which it is 
derived as a by-product of the removal of free fatty acids by 
neutralisation; for a long time past the prices of “ acid oils ” 
have remained at a figure very close to the price of erude oils—an 
oceurrence which can only be considered abnormal, as in the past 
“ acid oils ” have frequently been quoted at about half the price of 
the crude oUs, and even at this low price have not been easy to 
dispose of. The reason for the present relationship in price is not . 
easy to decide. It is probably due—^in part at any rate -to the 
control of glycerin prices by trade monopoly, and to the smaller 
demand for glycerin under peace conditions. 

It may be said with some justice that full realisation of the value 
and uses of margarine was a lesson only taught by the war. Although 
margarine is now obtainable at practically the same prices as those 
ruling in pre-war days, manufacturers of margarine in this country 
are passing through difficult times, owing partly to over-production 
(and to the present lower price of, and the prderence for, butifer), 
but mainly to a short-sighted policy of competitive price-cutting.. 
If it is foimd possible in the future to obviate the lack of vitanBns 
in margarine and so to make margarine fully equal in dietetic 
value to butter, perhaps this essentW industry may receive a fresh 
impetus. 

A point which cannot fail to strike those interested in the oil 
industry is the small extent to which vegetable fats of the “ ‘'^%etable 
lard” type-are used in Great Britain compared with America; 
vegetable fats are, of course, used to a very large extent in several 
industries in this country, but the domestic use of vegetable fats is 
comparatiTely small, though there is some evidence that attempts 
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are being made Vo develop the use of these materials, and there is 
certainly room for expansion. 

The increased demand for palm oil in the United States of America 
is a fe.ature of some interest, particularly as palm oil is such an 
important product of our West African possessions. Although 
West Africa, and particularly British West Africa, is the natural 
habitat of the oU-palm, its cultivation in plantations in the Dutch 
East Indies, chiefly in East Sumatra, has been extremely successful 
during the last few years, where the oil-palm has proved very 
responsive to efficient cultural methods, yielding fruit at an earlier 
age than in West Africa, and producing larger yields. According 
to, E. Eickendey,' Sumatra oil-palm fruit contains more gum and 
also more moisture than African fruit, so that in pressing the 
Sumatra fruit a turbid oil is obtained and more oil remains in the 
residue. 

The future of the oil-palm in the East is a matter of con.siderable 
interest and importance, an<l it seems hi^y desirable that research 
on the cultivation and exploitation of the tree in British West 
Africa should receive the immediate and close attention of the 
Governments concerned. The oil-palm has been found to do well 
in some of our British possessions in the East, notably Malaya, 
where it seems likely that large areas will be cultivated in the near 
future. 

In the scientific investigation of oils, fatty acids, and soaps it is 
gratifying to see that many W'orkers arc cairying out researches 
and applying the mo.st modern methods known to jihysics and 
chemisij'y, such as the application of X-rays to the elucidation of 
the' structure of the fatty acid molecule and the consideration of 
the effects of the colloidal state in soap and soap solutions. The 
methods of isolating, identifying, and synthesising the many fatty 
acids are being gradually developed. One of the few problems 
which does not seem to have received so much attention as it 
deserves (sec p. ,311) is the separation and determination of the 
mixed glycerides, which are of particular interest and imjKuiance 
inedible fats ; this is a problem which it will obviously bo difficult 
to solve, but which cannot be regarded as incapable of solution, 
especially when one considers the great progress already made in 
such difficult problems as are encountered in separating mixtures 
of fatty acids. This problem was referred to at some length in the 
last Report,*^but no apology need be made for again calling attention 
to it here in the hope that workers may be induced to attempt its 
solution. 

It, is of interest to note in connexion with mixed-triglycerides 
that the possibihty of manufacturing them artificially has not 

' KoUM-Zeits., 1923,33,1.07 ; J., 1923, 895a. 

* Ann. Bepts., 1922,7,279. 
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been overlooked; G. Sohicht and A. Griin have proposed to effect 
this by esterification of mono- and di-glycorides ttith fatty acids.® 

Rancidity is a problem, and a serious one, particularly for the 
edible oil manufacturer, and although it cannot yet bo claimed 
that all the causes of rancidity are knoiro, steiidy progress is 
boingtfnadc. 

The deterioration of mutton and beef fats has been investigated 
by >T. F. Revis,® who f& ind that the action of light greatly acceler¬ 
ated the decomposition of fats at ordinary temperature, and that 
free oleic acid increased the rate of formation of substances reacting 
in the Kreis test, i/hik ' cc glycerol had no effect. The increase 
in free fatty acid bore no relation to the Kreis test. For the 
detection of rancidity this author considers the Kreis test more 
sensitive than the Issoglio oxidation method. The natural 
colouring matter ajc i.arcd to play some part in the decomposition 
of fats. 

The Kreis test is also recommended by R. H. Kerr and D. G. 
Sorber,® who discuss the causes of and phenomena associated with 
rancidity, and its influence on analytical characteristics. 

A new test for acrolein and its bearing on rancidity has been 
described by W. C. Powick.* Acrolein and phloroglucinol form in 
presence of hydrogen chloride and hydrogen peroxide a deep red 
product showing a well-defined absorption band in the yellow- 
green region of the spectrum, which is spectroscopically identical 
with that obtained in the Kreis rancidity test. 

On the more purely technical side several interesting papers have 
been published. The extraction of oils by solvents has, 8f course, 
been carried out for many years on a very large scale in this country 
and elsewhere. In the opinion of E. W. Albrecht’ petroleum spirit 
is the best solvent, and the process has advantages over expression 
in labour, steam and power consumption; the loss of solvent is 
below 1% in modem plant, when efficiently worked, while the 
oil content of the meal may be reduced to 1% and no difference in 
quality between expressed and extracted oils can be detected, f^iis 
last statement is true in many cases, but certaiiJy not in all; 
extracted oils are in some cases oven superior to expressed qjls, 
but a good many factors, such as consideration of the subsequent 
use of the oil, to mention only one, must be taken into account in 
comparing an extracted oil with an expressed oil. 

Although there are several efficient extraction plants on the 
market, a good deal of attention is apparently being given to the 

‘ E.P. lf>0,840 ; J., 1922, 94,5a. 

• J., 1923, 417t. 

‘Ind. Eng. Chem., 1923,16, 383 ; J., 1923, 563a. 

‘Ihid., 1923, 16, 60 ; J., 1923, 376a. 

’ Chem.-ZeU., 1922, 46, 1034; J., 1923, 22a. 
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production of pmt of greater efficiency, particularly towards 
designing plant for continuous instead of intermittent extraction. 
In the expression t>f oil from seeds a continuous process would be 
an obvious advantage in many ways, and ingenious plant for attain¬ 
ing this end has been patented recently by A. E. Gulley.® Space 
will not allow of any detailed description of the process being'given 
here, but it consists briefly in subjecting the oil-containing material 
to pressure between a metalUo belt or belts passing between rollers, 
when the oil is forced to the edges of the belt and collected. Trials 
have been made recently, the results of which are believed to be 
most satisfactory, and the results of working this process contin¬ 
uously under actual manufacturing conditions wfll be of great 
interest when available. 

An interesting contribution to the refining of edible oils has been 
made by B. H. Thurman,® who discusses the losses due to impurities 
in the oil and caused by subjecting it to neutralisation, decolorisa- 
tion, hardening, and deodorising. The results noted are of parti¬ 
cular value as they were obtained under actual working conditions 
with large quantities of material. The author states that the sub¬ 
stance which Hulme found to be precipitated from cotton-seed oil 
by treatment with boric acid is a phosphatide, and discusses the 
losses occasioned by this substance. 

The importance of fuller’s earth as an agent for decolorising oils 
is common knowledge, though little is known as to why certain 
types of earth are more effective than others, or why their action- 
varies on different kinds of oil.' It is true that the problem has in 
the.pasf’been the subject of a good deal of theorising without, to 
put it plainly, sufficient experimental proof, and it is gratifying to 
note that two communications have been published recently. 
E. K. Rideal and W. Thomas” have ejxamined three types of 
fuller’s earth, and have determined the specific surface, the adsorp¬ 
tion of methylene blue, and the power of catalytically decomposing 
hydrogen peroxide. They found that the adsorption of methylene 
blqp from aqueous solutions was approximately proportional to the 
specific surface, but that the catalytic power of decomposing 
hy^ogen peroxide was not cormected -with surface or adsorbtive 
power for methylene blue, and suggest that the oil-decolorising 
properties are connected with the powers of adsorption and cataljrtio 
oxidation, and that the latter property is related to the iron content 
of the earth.* With no wish to be hypercritical, one caimot refrain 
from suggesting that this interesting piece of research might have 
been pushed further and have included actual work on oils. A 

• E.P. 201,190 i J., 1923, 938 a. 

• • /nd. Enj. Oftem., 1923,16, 395 ; 3., 1923, 66U. 

“ Ohm. Soc. Trane., 1922,181, 2119 ; J., 1922, 981a. 
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publication by D. Wesson “ deals with soiny most interesting 
results obtained in decolorising cotton-seedf oil with various 
earths, but is also hicompletc. The results clearly demonstrate 
that oil retained by the earth is in an oxidised condition due to the 
action of the earth on the oil, but the fact that the host decolorising 
cartl^ which gave the highest adsorption, showed the least effect in 
oxidising ferrous sulphate, is sufficient evidence that further work 
is greatly needed on this irteresting problem; in fact the author 
says, “ the object of this pa^cr is to call attention to some un¬ 
published observations which may assist others eventually to solve 
the problem,” aiid - must agree that the publication of ani 
incomplete research suen as this is an act of generosity on the part 
of the worker and more suggestive and valuable than much 
completed work. The oxidismg effect of decolorising earths is 
also referred to b;, ii. H. Thurman,'^ who in fes that ('.arbou does 
not appear to produce the effect. 

The work on vitamins is progressing steadily, and there is now 
no doubt that the chief cause of infantile rickets is a lack of vitamins 
associated with certain oils. The researches of Miss Chick and her 
co-workers'* have established that sunlight or other radiations of 
short wave-length enable animals to economise the supply of 
vitamins. L,arger supplies of vitaram A must tlieroforo bo supplied 
to prevent rickets if the subject is exposed to bad conditions of 
lighting. In mvestigating the effect of short wave-length radiations 
on economising or activating the vitamin A, E. M. Hume and 
H. Henderson have made the interesting discovery that direct 
exposure of the animal to the rays is not necessary, l)ut..that the 
same effect may be produced by merely placing the animal in a Vessel 
containing air previously irradiated; the explanation of this 
discovery must be awaited with considerable interest. 

The subject of vitamins will be found more fully dLscussid 
under the section on “Foods.” 

Drying Oils. 

An interesting contribution to the .study of the dr’ymg of linseed 
oil has been made by F. H. Rhodes and A. E. Van Wirt,'* who have 
investigated the action of various pigments on the rate of oxidaiion 
of oU. Their results support the theory that the drying of oil is 
an autocatalytic reaction, the catalyst being an oxidation product 
of the oil itself. Lead salts act as pseudo-catalysts by promoting 
the formation of such oxidation products and do not Have a marked 
effect on the total oxygen-absorption of the oil. 

” Cotton OU Press, 1923, 7, No. 6, p. 28. 

U Ind. Eng. Ohem., 1923,16, 396 ; J., 1923, 660 a. 

“ Medical Research Council, Special Report, No. 17, 1923; Clum. and Ind., 
1923, 811. 

. Ind. Eng. Chem., 1923, 16, 1136 ; J., 1923, 1233a. 
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Pigments often''* have a considerable influence on the rates of 
absorption of oxygen and of evolution of oxygen absorbed and 
volatile matter eVolved. For instance, leaded zinc, lithopone, 

“ titanox,” and barium sulphate all retard oxidation and evolution 
of volatile matter, and also reduce the amounts of oxygon absorbed 
and volatile matter given off. This effect seems to be due partly 
to the fact that the oil hardens at an earlier stage when mixed with 
pigments. 

Zinc white appear.s to be somewhat capricious in its effects; in 
some cases it acts as an mert filler, decreasing the initial speed of 
'oxidation without affecting the amounts of oxygen finally absorbed 
or evolved, whilst in other cases it resembles lithopone and leaded 
zinc in action, causing rapid hardening of the oil and decreasing 
oxygen absorbed and volatile matter evolved. This paper contains 
the results of a large number of detailed experiments which should 
prove valuable to paint and vanilsh manufacturers. 

A comparison of linseed oils produced in the United States of 
America with imported oils has been made by H. A. Gardner ; oil 
imported from Europe (produced from Argentine seed) has an 
iodine value below 180, oil from Japanese or Calcutta seed has 
an iodine value around 180, and Canadian and North American oil 
has an iodine value of 182-186. Analytical data obtained in the 
examination of a large number of commercial linseed oils have also 
been described and discussed by H. Wolff .i* The presence of two 
ph 3 rtosterols in lin.seed oil has been recorded by R. J. Anderson 
and M. G. Moore.” 

Thp coiumcrcial importance of tung (Chinese wood) oil appears 
to be increasing as its technical value becomes more generally 
recognised. It is to be hoped that serious attempts will be made 
to grow this oilseed in British possessions as has already been done 
■ in the United States of America. At present this country is entirely 
dependent for supphos on the East, though the importance of the 
oil was recognised and the desirability of attempting to grow the 
tree in British possessions was pointed out some years ago. 

J. Marcusson*® states that when exposed to light in absence of 
air,.tung oil changes into a solid, which may be separated by 
treatment with acetone into a soluble fraction—mostly unchanged 
oil—and an insoluble fraction consisting of jS-elseostearin (m.p. ^ 
61° C. after purification)a small quantity of infusible substance 
^'insoluble in all fat solvents is also formed. The formation of 
jB-eUeostearin from o-elseostearin is an instance of stereoisomerio 

V.S. Paint ManuJ. Aaaoc.y 1922 ; J., 1923, 22a, 

Ohem.-Zeit., 1923, 47, 142 ; J., 1923, 276a. 

>’ J. Anusr. Chem. Soc., 1923, 4$, 1944 ; J., 1923, 937a. 

**Z. angew. Chem., 1922, 36, 643; J., 1922, 866a. Z. DevU, Oeh u, 

‘ Fmind., 1923, ’43, 162; J., 1923, 938a. 



OILS, JAM, AND WANBS. 


re-arrangement ffom the cis- to the trans-ioinJ In contact with 
air or exposed to light in a sealed tube the ml polymerises to a 
product insoluble in fat solvents. ’ 

Eaw tung oil dries with formation of gelatinous masses of 
/S-elaeostearin and the dried film lacks durability; by heating the 
oil polymerisation is brought about so that on drying (S-elseostearin 
is not formed and the oil is rendered suitable for paints. 

Substances, such as linse.?d oil and colophony, which prevent 
coagulation on heating do so* by reducing the tendency of the sol 
to pass to the gel form. 

The behaviour of ;. ig oil on heating in comparison with linseed 
has been studied by C. F. Mabery.^® . 

The decrease in refractive index of tung oil has been found by 
F. H. Rhodes and H. E. Goldsmith®* to be 0-000395 for each 1° C. 
rise in temperatuio. ’ ’ 

According to A. Vercruysso,®* the products of oxidation of 
elceomargaric acid and the products of decomposition after 
ozonisation point to the formula 

CH3(CH2)3CH : CHiCHjlaCH: CHCCHjljCOOH. 

The analytical characters of the oils from four species of Aleurites, 
A. cordato-^apanese tung ; A. Fordit—Chinese tung ; A. mortiam 
—Kangtong tung; and A. moluccana —Bakoly, have been deter¬ 
mined by 1. Miura.®® 

The unsaturated fatty acids from perilla oil have been studied 
by K. H. Bauer®® and found to contain oleic acid; the linolenio 
acid from perilla oil gave the same hexabromostearic acid as is 
obtained from linseed oil, but linolenic acid from perilla Sil gave on 
oxidation only small amounts of linusic and isolinusio acids, 
together with an isomeric hexahydroxy acid not obtained from 
linseed oil; linolenio acid obtained by debromination of hexa- 
bromosteario acid was not identical with the acid originally 
brominated. The authors maintain that it is unsafe to draw 
conclusions as to the presence of isomeric linolenic acids from the 
behaviour on bromination alone. 

SEMi-DEYiua AND Non-Deving Oels. 

The composition of soya bean oil has been submitted to detmle^ 
investigation by W. F. Baughman and G. S. Jamieson®* with thi 
following resultsglycerides of fatty dcids: linolenic 2-3, linolic 
57-6, oleic 33-4, pahinitio 6-8, stearic 4-4, arachidic 0-7, lignooerio 

Ind. Eng. Ghem., 1923,16, 366 ; J., 1923, 563a. 

^ im. 1923,16, 786 ; J., 1923, 938a. 

“ BuU. Soc. Chim. Belg., 1923, 32, 161 ; J., 1923, 666a 
” KdgyS KwagokM Zoashi, 1923, tS, 316; j,, 1923, 786a, 

» Ohm. Vnuohau, 1923, 30, 9; J., 1923, 149a. 

■* J. Amtr. Ohm Soo.. 1922, M, 2947 ; J., 1923, 149a. 
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0-1%; ansaponifilblo matter, 0-6%; saturate^ acids, H'5%; 
unsaturated acids, 

The same authors have examined sunflower seed oil“ which 
consisted of glycerides of fatty acids: linolic 57-5, oleic 33'4, 
palmitic 3-5, stearic 2-9',' arachidio 0’6, lignocerie 0-4% ; unsaponi- 
fiable matter 1-2%; saturated acids, 7-1%; unsaturated acids 
86-6%. 

The acetyl value of grape seed oil is stated by E. AndrO®* not to 
be due to the presence of ricinoleic acid, but to the presence of 
hydroxy acids of lower molecular weight containing 14 to 16 carbon 
atoms, and at least two hydroxy acids, one saturated and the other 
unsaturated, appear to be present. 

In agreement with Gill and Tuft,” phytosterol was found by 
R. J. Anderson and M. G. Moore®* to be the chief constituent of 
the unsaponifiable matter of maize oil, while stigmasterol was 
absent. Cotton-seerl oil contained at least two phytosterols, the 
separation of which by fractional crystallisation was very difficult. 

Rape oil derived from .Tapaneae rape seed {Brassica campeslria. 
L., B. Chinensis) was found by Y. Toyama®* to contain about 05% 
of erucie acid; saturated acids were present to the extent of less 
than 2%, and from these palmitic acid was isolated, while stearic, 
behenic, lignocerie, and arachidio acids were probably present; 
indications of linolic and oleic acids were also obtained. The 
lead salt ether and lead salt alcohol meihods of separation of fatty 
acids were found unsuitable for rape oil. Several derivatives of 
erucic acid and of behenic acid (prepared from erucic acid by 
hydrQgenaiion) were prepared and characterised ®*; these data will 
no doubt prove useful aids in the identifioation of the above fatty 
acids. 

By shaking a 50% solution of a crude vegetable oil in petroleum 
ether with eopper acetate, all crude oils, except cotton seed oil, 
develop a pale to dark emerald-green colour ; no colour is produced 
with refined oils. W. W. Dickhart suggests that this test is useful 
for the differentiation of crude kapok and cotton seed oils, or, by 
using a tintometer, for the detection of as little as 0-5% of crude 
vegetable oils in cotton seed oil. The value of this test appears to 
be rather problematical as crude cotton seed oil is not very likely, 
owing to its comparatively low value, to be adulterated with other 
oils, while refined oils apparently do not react, and addition of 
crude oils to i»fined cotton oil is highly improbable. 

“ J. Amer. Chem. Soc., 1922, 44, 2952; J., 1923, U9A. 

“ ComptM rend., 1923,178, 843 ; J., 1923, 410a. 

« y., 1903, 601. 

“ J. Amer. Chem. Soc., 1923, 45, 1944 ; J.. 1923, 937a. 

'* ** Kdgyd-Kwagaku Zaeehi, 1922, 25, 1044; J., 1922, 988a. 
itid., 1063 : J., 1922, 988a. 

“ Amer. J. Pharm., 1923,85,108; J., 1923, 317a. 



OILS, ms, lin> WUU3S. 


30« 


The detection pf araehis (ground nut) oil and As determination in 
mixtures is a problem which has already recaved a good deal of 
attention. According to A. W. Thomas and C. L.Yu*^ separation 
of stearic, arachidic, and lignocoric acids may bo effected by means 
of their magnesium salts, which are only'slightly soluble in 90% 
(by*vol.) alcohol, while the magnesium salts of oleic, linolic, and 
linolenic acids arc easily soluble. The behaviour of the insoluble 
magnesium salts obtained from rajK! and tung oils has also been 
studied.™ 

Mamne Animal Oils. 

The methods of manufacture of cod liver oil employed in 
Newfoundland have been investigated by S. S. Zilva and J. C. 
Drummond.’* The manufacture of oil is under the control of the 
Ministry of Marine, the direct steam process Oeing almost exclusively 
used; the oil produced is of very high and uniform vitamin 
potency. 

Pilchard oil (from Clupea pilchardus), of which 60,000 gallons 
was produced at Cornish fishing stations in 1921 from the pilchards 
pickled for export, has been examined by H. M. Langton.™ The 
physical and chemical characteristics of two samples of oil are 
given, together with information as to the nature of the oil and 
character of the soap produced. The oil contains clupanodonic* 
acid and apjiears to lie chiefly employed in soft soap manufacture. 

On separation of the unsaponifiable matter of cod liver oil, by 
saponification with alcoholic potash and removal of fatty acids as 
calcium salts, K. Hattori and T'. Obata” obtained „a product 
having from five to ten times the vitamin potency of the i&iginal 
oil. The liver oil of Sqtmlm acanlhias is stated by S, Berlingozzi 
and M. Tomasini,” closely to resemble cod liver oil; it contains 
M% of squalene, and 2-9% of cholesterol etc., and hydrogenates, 
readily. The saturated hydrocarbon iso-octadccane, CjjHjj, 
isolated from the liver-oil of the giant shark (CetorUnus maximvs, 
Gunner) by M. Tsujimoto, has been found by G. Toyama™ to be 
present in the liver-oils of three other species of shark. ‘This 
hydrocarbon appears to be present generally in liver oils containing 
squalene, and the author proposes to name it pristane ** 

In continuation of his already voluminous work on liver oils, 
M. Tsujimoto™ gives the results of examination of the oils of the 
• * 

“ J. Amr. CAcm. Soc., 1923, 45, 113 ; J., 1923, 232a. * 

” Ibid., 129 ; J., 1923, 233a. 

••J., 1923, 185t. 

”J., 1923, 47t. 

•• Yahiga-Kwmahi, 1923, No. 497, 625 ; J., 1923, 987a. 
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“ishinagi ” {StereApsis ischinagi) and the “aburadiodzu” {Erdepis 
^zonifer, Lookmgton). The same author has also isolated*® a 
tetradecylenic acid.’CjjHjoOj (probably the A 9 compound) from 
sperm oil (3-0%) and dolphin head oil (04%). 

The composition of menhaden oil has been investigated by 
J. B. Brown and G. B. Beal,** who have attempted the separation 
of the fatty acids, particularly the highly unsaturatod liquid acids, 
by various methods. Pure clupanodonic acid could not be pre¬ 
pared by debromination of the bromides of the lower-boiling 
fractions of the ethyl esters. The most complete separation was 
obtained by reduction of the polybromides with zinc and methyl 
alcohol, followed by fractional distillation; the fraction b.p. 215° C. 
at 15 mm. (n®^ 1-48060, iodine value .348-8) was probably pure 
methyl clupanodonate; the presence of several other acids was 
indicated by other fractions of methyl esters. Similar results were 
■ obtained with cod and herring oils. 

The characteristics of Malabar sardine oil and its behaviour on 
refining, deodorising, hydrogenation, “ splitting,” and conversion 
into soap are described by J. J. Sudborough, H. E. Watson, and 
P. K. Kurup.** 

N. Evers and H. J. Foster*® state that the delicacy of the sulphuric 
' acid test for liver oils may be greatly increased by diluting the oil 
to be tested with an oil {e.g., olive oil) which itself gives no colour 
with sulphuric acid. H. B. Richmond and E. H. England** were 
unable to obtain good results with the sulphuric acid test as devised 
by Brummond and Watson** when petroleum spirit (recommended 
by the latter authors) was used instead of liquid paraffin. The 
addition of cholesterol, furfural, or a)-hydroxymethylfurfural to an 
oil dissolved in light petroleum was found by A. Harden and 
R. Robison** to cause the production of an intense purple colour 
with sulphuric acid, but no furfural or other substance yielding 
this reaction could be obtained by distillation or otherwise from 
coal-fish oil. 

Solid Fats. 

Methods of differentiating genuine cacao butter from the many 
substitutes of cacao butter prepared from Borneo tallow, palm 
liemel and coconut stearines and other fats, or of detecting the 
addition of sugh substitutes of cacao'butter have received a good 

" Chem. Vmechau, 1923, 80. 33 ; J., 1923. 276a. 

“ Ind. Eng. Chem., 1923. 46.1289 ; J., 1923. 665a. 

“ J. Ind. Inst. Sci., 1923. 6. 19 ; J., 1923. 661a. 

« Analgsl, 1923. 48. 68 j J., 1923. 276a. 

'*• Ibid., 1923, 47. 431 j J., 1922, 902a. 

1922, 718a. 

•• Bioefcem. J., 1923,17,115 -, J., 1923, 410a. 
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deal of attention, in the past, without, it must^o confessed, any 
great measure of success. / 

According to M.Pichard" substitutes for cacato butter may readily 
be differentiated from genuine cacao butter, or their ad^tion to 
cacao butter detected, by allowing the melted fat to cool in a suitable 
vessel and plotting the temperatures at intervals of five minutes; 
the cooling curves obtained with cacao butter differ widely from 
those obtained with the substitutes. 

A method based on the curves obtained by observation of the 
miscibility with aniline-alcohol mixtures has been devised by 
Marange,*® and is Mated to enable the addition of 10% of 
other fats to cacao butter to be detected. , 

S. Kobayashi^® has isolated a highly unsaturated hydrocarbon 
and higher alcohols from Indian illipe fat {Basnia species). 

The characters of Indian mohua oil [Bassia latifolia) are described 
by J. J. Sudborough, H. E. Watson, and D. V. Chandorkar,*® who 
have also investigated the behaviour of the oil on refining, hydro¬ 
genation, and “splitting.” The choice of solvent for the extraction 
of fatty matter from oil-cakes etc. has always been one giving rise 
to some difficulty to the analyst; experiments by A. P. West and 
J. M. Feliciano®* on the extraction of copra cake with different 
solvents are distinctly interesting. Ether, carbon tetrachloride, o 
benzine was found to extract practically the same amount o: 
“ oil”; chloroform, acetone, and petroleum ether extracted a smal 
amount of non-fatty matter in addition to oil. Much non-fattj 
matter was extracted by ethyl or methyl alcohol; the non-fatt; 
matter extracted by methyl alcohol (after previous removal of ol 
with carbon tetrachloride) had high acid and saponification Values 
and contained nitrogen probably present as amino-acid. 

Comparatively little is known of the composition of the non 
fatty portion of even the most important commercial oil-seeds, am 
the authors’ proposal to carry out further work is to be commended 
The results also serve to emphasise the desirability—not recognisec 
as widely as might bo—of stating always the nature of the solven 
used for determination of “ oil ” in oil-seeds and cakes. • 

The following glycerides were found by A. Bomer®* to bo presen 
in, palm-kernel oil, caprylomyilsto-olein m. p. 14°; difeiuro 
myristin, m.p. 33°; laurodimyristin, m.p. 40°; dimyristopalmitin 
m.p. 43° ; m 3 rristodipalmitin, m.p. 51°; caprylomyristo-old 
constituted over 50% of the'glycerides.' 

•’ Campus rend., 1923,176,1224. Ann. Falsif., 19z3, lo, 19/; anoiya 
1923,48,566! J., 1923, 661 a. 

“ Ibid., 1923,177, 191 i J„ 1923, SIOa. 
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Hardened Oils. „ 

Although the hydrogenation of oils has been carried out on a 
very large scale for many years it is obvious from the amount and 
variety of research puUished recently that this field is by no means 
worked out. , 

The various forms of nickel catalysts used foi' hydrogenation and 
the factors influencing the activity of nickel catalysts are discussed 
in an interesting paper by R. Thomas.®® Although this is not a 
very lengthy contribution it contains a great deal of valuable 
information in a comprehensive form, including a discussion on 
the,various theories of hydrogenation and action of eataly.sts. 

A short but mtercsting paper by T. P. Hilditch and C. W. Moore “ 
on the selective hydrogenation of unsaturated glycerides includes 
the results of hydrogenation of maize, soya bean, linseed, and 
cotton-seed oils and of cotton-seed oil fatty acids, and also of the 
ethyl esters of the fatty acids, with nickel and in some cases copper 
catalysts. Several important facts are brought to light, such as 
the preferential hydrogenation of linolein and glycerides of loss 
saturated fatty acids to olein before the olein is converted to 
stearin, but that tliis preferential hydrogenation is much leas 
marked when the fatty acids arc hydrogenated. The authors 
' consider that selective hydrogenation is compatible with the 
Armstrong and Hilditch hypothesis of the formation of unstable 
intermediate compounds between catalyst and unsaturated com¬ 
pound, and that this hypothesis also explains the formation in the 
hydrogenation of ethyl olcate of ethyl elaidate and of an ethyl 
iso-oleato with the double bond in a different position in the carbon 
chain. 

The methods of producing an active surface on metalUe nickel 
are discussed by E. J. Lush.®® A catalyst of very high activity is 
produced by anodic oxidation of nickel turnings in an electrolyte,®* 
followed by reduction in hydrogen. The catalyst produced in this 
way,retains its activity for long periods when used for the continuous 
hydrogenation of oil. The results obtained on hydrogenating olive 
oil ,and cotton-seed oil by means of this catalyst in two different 
ways arc intere.sting; when the catalyst is immersed in the oil and 
the oil allowed to overflow the hardened oil resembles that produced 
by means of ])owder catalysts and contains a similar amount of 
iso-oleic acid ;■ if, on the other hand, a thin film of oil is allowed to 
drip over the catalyst, the hardened oil (of the same iodine value) 
contains a comparatively small amount of iso-oleic acid. The 

“y., 1923, 21 t. 
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power of easily cpntrolliiig the formation of isoyileio acid afforded 
by this process is, of course, of considerable tocfinical importance. 

The statements of previous observers” that tlehydrogenation of 
oil may occur during hydrogenation are supported by W. Normann,*’ 
who suggests that dehydrogenation may account for the known 
diffioulty of hydrogenation to an iodine value of 0 and for the 
formation of new unsaturated acids during hydrogenation owing to 
the addition of hydrogen ato.ms to one part and splitting off at 
another part of the molecule. ‘ 

Dehydrogenation is stated by A. Brochet"® to occur when hydro¬ 
genated castor oil Is !.■ ited with a nickel catalyst at temperatures 
above li50° 0., evolution of hydrogen being most rapid at 2,70°- 
280°. The dehydrogenated product, which differs from castor 
oil, is semi-solid (m.p. 74°, iodine value 20). 

The influence ol alumina and other oxide.s on the activity of 
nickel catalysts has been investigated by E. E. Armstrong and 
T. P. Hilditeh,"" who found that co-preeipitation of the oxides of 
aluminium, iron (ferric), magnesium, or silicon uj) to about 2% 
increased the .activity of nickel catalysts, but that larger amounts 
reduced activity. Increase of surface is regarded as the chief 
reason for increased activity. 

Somcw'hat similar results are recorded by 0. Kita and T. Mazumc,” 
who have studied the effect of the addition to nickel catalysts of • 
from 2 to 1(>% of alumina, magnesia, calcium borate, calcium and 
magnesium j)ho.spliatcs, sodium carbonate, stearic and palmitic 
acids. Additions made to the catalyst k'fore reduction generally 
increased activity, but sodium carbonate in any proportion was 
injurious; water is stated to have no injurious effect on liiekel 
catalysts. 

Ko.vi’s. 

Although the manufacture of soap has been carried on for many 
years past on an enormous scale it has been to some extent an 
empirical art rather than a branch of technology entirely controlled 
by science. The recent paper by K. Maclennan” on the microscopic 
structure of .soap is a most valuable contribution to the technology 
of soap manufacture ; the author has examined microscopically 
soaps of individual fatty acids, and also commercial soaps, by means 
of polarised light, and describes and discusses the effects produced 
by different stages of manufacture, such,as saponification, graining, 
fitting and finishing, setting and maturing. 

J., 1921,397a. 
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Recently muclk attention has been given to, the colloidal and 
physical properties of soap and soap solutions, and results of con¬ 
siderable scientific' interest and technical importance have been 
obtained, both in this country and elsewhere, by the application of 
modem physico cherai6al methods and views to various problems 
connected with soap. • 

A method of comparing the detergent power of soaps has been 
devised by J. W. McBain, R. S. Haid)ome, and A. M. King,*® based 
on the determination of the amounts of colloidal carbon passing 
through a filter paper of a particular kind when carbon black is 
treated with soap solution under rigidly controlled conditions. A 
reliable test for the comparison of the detergent power of soaps is 
certainly much wanted, and it remains to be seen if the above test 
wiU furnish concordant results in the hands of different workers and 
will really give a true indication of the detergent value of a soap for 
any particular purpose. 

The use of sodium silicates in soap has been perhaps a somewhat 
vexed question in the past; it has been discussed by A. S. 
-Richardson** and also by W. Sterioker.** The latter author 
considers the use of silicate is justified on account of its effect on 
the lathering and emulsifymg properties of the soap. 

For reasons of space it is scarcely possible to deal particularly 
with the numerous interesting papers on the physico-chemical and 
colloidal properties of soap solutions, but mention must be made of 
the following “ Ultraflltration of soap solutions ; sodium oleate 
and potassium laurate ” (J. W. McBain and W. J. Jenkins)**; 
“ CoKoidai properties of soap solutions ” (W. Prosch)*’; “ Transi¬ 
tion from colloidal to crystalloidal state; solutions of sodium 
oleate ” (L. L. Bircumshaw)*®; “ Surface properties of soap solur 
tions ” (J. F. Carritoe)*®; “ Soap solutions : sodium oleate and 
palmitate ” (W. Leeten)™ ; “ Surface tension of alkaline soap 
solutions” (E. B. Millard)”; “Behaviour of soap solutions at 
various hydrogen ion concentrations ” (A. Jarisch)"; “Properties 
of sodium salts of fatty acids of medium molecular weights ” 
(C. F. M. von Blamencron).’® 

A comprehensive study of the oleates, stearates, and palmitates 
“J., 1923, 373t. 

Ind. Eng. Ohem., 1923,,15, 241 ; J., 1923, 364a. 

Ibid., 244 ; J > 1923, 364a. • 

•• Ohem. Soc. Tram., 1922,121, 2325 j J., 1923, 104a. 

Z. DeuU. Oel- u. FeUini., 1922,42,410,425,433,449,462 j J., 1923, 104a. 
•• Chem. Soc. Trans., 1923,128, 91 ; J., 1923, 234a. 

Weckblad, 1923, 20, 206; J., 1923, 663a. 

Z. Deuts. Oel- «. FeUind., 1923, 43, 50, 65, 81 ; J., 1923, 663a. 

" Ind. Eng. Chem., 1923,16, 810; J., 1923, 938a. 

'■ Bioehem, Zeds., 1922,134,163; J., 1923, 317a. 

’• Z. Deuts. Oei- «. FMnd., 1922, 42, 101,139,156, 171 ; J., 1923, 1604;^, 
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of all the common metals has been made by H, l/jones.’* When- 
dry, metallic soaps are mostly insoluble in water, (floohol, petroleum 
spirit and chloroform, but colloidal solutions are formed by the wet 
freshly prepared soaps. In many cases the technical value of the 
metallic soaps is dependent on retention of 1%e colloidal state and 
certaiil waxes are good stabilising agents. The metallic soaps find 
application as driers in paints, in laundering and dry cleaning, in 
ointments and for waterproofing fabrics; in the latter use they 
act by reason of their colloidal state, adsorbing water and so filling 
up the pores o' the material. 

Fatty Acids. 

The interest in the possibility of converting hydrocarbons into 
fatty acids referred to in last year’s Report appears to be sustained, 
judging from the frequent patents referring to this subject, though 
it does not appear that production of fatty acids on a commercial 
scale has yet been attained. The problem is briefly discussed by 
R. Furness.’® 

A useful contribution to the important technical question of the 
saponification of fatty oils has been made by H. M. Langton,’® the 
author discussing the various theories of saponification and recording 
results of investigations on the splitting of tallow, palm, palm- 
kernel, linseed, and whale oils on a works scale. Apart from the 
author’s own results, which are of interest, the paper contains 
numerous references to the work of previous investigators, which 
form a most useful bibliography on this subject. ^ 

The splitting of oils by castor seed lipase has been investigated 
by J. J. Sudborough and H. E. Watson,” who have carried out 
work with various Indian oils, and describe simple methods of 
making active lipase preparations. 

The fractional distillation at low pressure of the methyl esters of 
fatty acids is a well-known and frequently used method of separating 
mixtures of fatty acids. E. Andre’® finds that the separation of 
pure methyl linolate from a mixture of methyl oleate and linokte 
is difficult owing to polymerisation; the highest iodine value 
obtained for methyl linolate separated in this way was 160 (c/. ptire 
methyl linolate 170-7). 

The various recorded methods for the separation of liquid from 
solid fatty acids have been investigated by W. Meigen and 
A. Neuberger,’® who found that quantitative separations were not 

’* CAest. and Met. Eng., 1923, 28, 489 ; J., 1923, 410a. 

" Chem. and Ind., 1923, 338. 

'•J., 1923, 51t. 

” J, Ini. Inn. Sd., 1922, 5, 119 ; J., 1923, 216a. 

’• Gomptee rend., 1923, 178. 686 ; J., 1923,36tA. 

’hOtem. VmKhau, 1922,29, 337 ) J., 1922, 944a. 
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attainable in an\ caae. Precipitation of an aqi^eous solution of the 
potassium salts ^ ith thallous sulphate resulted in almost quanti¬ 
tative separation'of palmitic, stearic, and elaidic acids from oleic 
acid. 

The structure of tSie molecule in the \’arious fatty acids is a 
matter of the highest importance and scientific interest.* The 
application of the X-ray spectrograph to this problem seems likely 
to produce most valuable results. A. Mt'dler®'’ has investigated 
several of the more common fatty acids and obtained results in 
accord with Friedel’s theory. This work on the application of 
X-ray spectra to the examination of fatty acids has been sum¬ 
marised in a recent communication to the Journal.®^ 

An unsaturated acid, linderic acid, CijHjjOj, isolated from the 
oil of lAndera oblusifolia B.L., has been examined and characterised 
by Y. Iwamoto.*® 

R. Ehrenstcin and H. Sluewer*® find that isobehcnic acid (iso- 
docosanic acid, C^iH^jCOOH) produced by degradation of ligno- 
cerio acid, is identical with araohidic acid from ground-nut oil, 
and that the fatty acid of m.p. 76°-77° C. from the oil of Nephelium 
Lappaceum is »-eicosanic acid, which is also obtauicd by fusion of 
erucie acid with potash. 

Among the acids produced by electro-synthesis of an aqueous 
solution of potassium suberate and malonatc, n-heptanedicar- 
boxylic acid, identical with azelaic acid (produced from castor oil), 
has been identified by M. Carmichael.** 

The methyl, ethyl, acetyl, and benzoyl derivatives of hydroxy- 
stearic a«id, produced by the action of sulphuric acid on oleie acid, 
have been prepared and characterised by L. G. RadcliJIe and 
W. Gibson.®* 


Various Less ICkown Oils. 

It would scarcely bo possible to refer in detail to all the recent 
investigations on less known oil-seeds and oils. Kaffir melon 
(“ Tsamma ”) oil from the Kalahari region has been examined by 
C.'F. Juritz*®; Brazilian “Coquilho” (AUalea funifera) nuts and 
oil by H. A. Gardner®*; seeds and oil of Hibiscus canmbinus by 
J^Dekker**; oils from the kernel and arillus of seeds of Afzdia 
africana by A. Diedrichs and B. Schmittman**; the pericarp and 

«" aimn. ,Soc. Trans., 1933,128. 2043 ; J., 1923, 987a. 

“ Chm. tttd Itul., 1923,1099. ' 

“ Kdgyo-Kwagalai Zaashi, 1923, 26, 708 ; ./., 1923, 786a. 

“ J. prakt. Ohem., 1923,108, 199 ; J., 1923, 1031a. 

*• Ohem. Soc. Tram., 1922,121, 2545 ; J., 1923, 104a. 

*® J. Soc. Dyers and Col, 1923, 39, 4 ; J., 1923, 150a. 

, •• S. Afr. J. Ind., 1923, 8, 67 ; J., 1923, 317a. 

" Cm. 181 UJS. Paint Mfrs. Assoc., 1923 ; J., 1923, 728a. 

Pharm. Weekbhd, 1922, 89, 1296 ; J., 1923, 22a. 

** Z. Unters, Nahr, Qenussm., 1922, 44,216; J., 1923, 67a. 
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kernel oils of a species of Sterculia by C. D. V. i^eorge®”; oil of 
Camrium opahim by A. P. West and S. Baloe.®* / 

M. 6. Ran and J. L. Simonsen® have examihed the oils (and 
identified the fatty acids present) of the following:— Chloroxylm 
Swietenia, Cahphyllum Wightianum, MimMops Elengi, Shorea 
robust*, Qarcinia Cambogiam. 

The following investigations of J. J. Sudborough and his co- 
workers on Indian oils (generally including the analytical character 
of the oils, the composition ol the fatty acids, and information 
relating to the behaviour of the oils on reMng, hydrogenation, and 
“ splitting ” by lipasei should also be mentioned. “ Hongay ” 
oil, from Pongamia glabra, by R. D. Desai, J. J. Sudborough, a,nd 
H. E. Watson® ; oils of Anacardhim occidetdak {“ Cashew ”) by 
C. K. Patel, J. J. Sudborough, and H. E. Watson®*; oils of 
Calophyllum Wightianum and Hydnocarpus ITij^teano by I. Joseph 
and J. J. Sudborough*®; “ Mohua” oil (from Bassia latifoUa) by 
J. J. Sudborough, H. E. Watson, and D. V. Chandorkar.*® 


Methods ok Analysis and Testing. 

The mathematical relationships existing between the different 
analytical “ constants ” of many representative fats and fatty 
acids arc fully discussed in an interesting paper by J. Lund.® An 
exhaustive comparison of Aschman’s method of determining the 
iodine value of oils, in which use is made of aqueous iodine mono- 
chloride solution, with other methods has been made by B. M. 
Margosches, R. Baru, and L. Wolf.*» As it is neoessar 3 i.io allow 
the mixture to stand for at least 24 hours, or for 6 hours Ivith 
shaking if the oil is dissolved in a solvent, it hardly seems that this 
method will find favour when rapid and accurate methods—such 
as that of Wijs—are ah'eady so largely used. 

The endeavour made by D. W. Steuart to work out a method ol 
analysis of fat mixtures of margarines by determination of the sterol 
content of the unsaponifiable matter unfortunately did not lead to 
success, though his paper contains a good deal of information* of 
interest with regard to unsaponifiable matter in the various edible 
oils.*® 


»« Malay Agric. J., 1922,10, 284 ; J., 1923, 482a. 

PhUippine J. Sd., 1923, 28, 269 ; J., 192.3, 1079a. 

« hid. Forest Bee., 1922, 9, Ptflll.: J., 1922, 902a. 

»J. Ittd. Inst. Sd.. 1923, 6, 93 ; J., 1923, 987.A. 

”< Ibid., 1923,6, 111; J., 1923, 987a. 

1923, 6, 133 j J., 1923, 662a. 

•” Ibid., 1923, 6, 1 : J., 1923, 662a. 

•’ Z. Unters. Nidur. Oenussm., 1922, 44, 113 i J., 1922, 944a. Chsm. 
Umsdiau, 1923, 30, 74; J., 1923, 410a. 

•• Z. anal. Chsm., 1923, 62, 178 i J., 1923, 364a. 

'• Anidyst, 1923, 48, 165; J., 1923, 462a. 
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The various fi^tors influencing the detennina|ion of viscosity by 
means of the Redwood viscometer are discussed by W. H. 
Herschel.*“ Factors for comparison of Redwood, Saybolt, and 
Engler viscosities are given. In view of the fact that rape oil has 
been used as a “ standard ” oil for viscosity work it is of interest 
to note that this oil was found to vary in viscosity by 27%. i 
The work of G. T. Bray and F. Major on the determination of fat 
in casein*® should serve to show once and for all that fat cannot 
be extracted quantitatively by Solvents from casein powder. 
These authors obtained good results by the Wemer-^hmidt 
method and somewhat low results by the Rose-Gottlieb method. 


Waxes. 

The wax coating the stems of Australian “ cane ” or “ bamboo- 
grass ” (Qlyctria ramigera) has been investigated by H. G. Smith.*™ 
In appearance, hardness, and melting point this wax is similar to 
camauba wax. 

Ceryl cerotate occurs in the husks of sunflower seeds, and has 
been obtained by A. Bareuther*™ from the deposit at the bottom of 
tanks in which sunflower seed oil was stored. 

«» V.S. Bureau oj Standarde, Tech. Paper 210,1922, 227 ; J., 1923, 77a. 

J., 1923, 106t. 

J. 1923 372t, 

• »» Chem. Umecbau, 1923, 80, 117 ; J., 1923, 612a. 
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PAINTS, PIGMENTS, VARNISHES, AND 
RESINS. 

By R. S. Moereix, M.A., Ph.D., F.I.C., 

Mmrr. M(.,'der Brothers, Wolverhmpiort. 

The literature of the paint and varnish industry shows a steady 
annual Increase, which is indicative of greater interest in the subject 
and of appreciation of its importance. The efforts of the U.S. 
Paint Manufacturers’ Association have stimulated the investigation 
of the many problems of the industry. The tendency towards 
standardisation in the United States encourages co-ordination of 
physical and chemical properties with the requirements of practice. 
It is true that many of the specifications under which materials may 
be bought are inadequate and require constant revision. For the 
raw materials of the industry, e.g., oils, pigments, and a few resins, 
success of standardisation is more assur^, but when applied to the 
finished products of the industry correlation of physical and chemical 
properties with trade requirements becomes diffioult. The spirit of 
standardisation is spreading to this country in a more restrained 
form, being restricted to the requirements of Government Depart¬ 
ments, which demand compliance with specifications. Many of 
these specifications are accepted by manufacturers with due regard 
to their limitations, but in the case of finished products the require¬ 
ments are so many and so varied that it would be difficult to lay 
down hard and fast rules governing quality. In the section of 
this Report dealing with vafnishes, it will be shown how difficult it 
is to guarantee the durability oi films, when so much depends on , 
the quality of the undercoats and on the conditions of application. 

In the survey of the year’s work special reference has been made 
to the sources of the raw material, the supply of which influent)^; 
so largely the development of production. There is a tendency to 
explore for new dr 3 dng oils which will give greater durability and 
better lustre than are obtained with'lin^d oil._ The Royal' 
Academy has formed a Committee of artists and scientists to 
investigate the qualities of artists’ materials and the various 
methods of cleaning pictures. It is possible that the pequliar 
property of the yellowing of linseed oil films and the permanence of 
ptement colours will receive further attention. The importance 
tw study of the chemical composition of the resins has not been 



320 REPOMS OP TBEiVEOailESS OP APPLIED OHEMISTOY. 

neglected, especially the composition and properties of the com¬ 
ponents of resins Aom their many sources. The colloid characters 
ate being carefully considered hi accounting for differences in 
properties, which arc difficult to explain and where the influence of 
chemical composition appears to fail. The literature on synthetic 
resins is voluminous and their uses are becoming more populai with 
the discovery of special new properties. The Report of the Home 
Office Committee on the use of lead pigments has broadened the 
outlook on the difficulties of the sithation and has probably made 
it easier to construct a policy for dealing with the problem. The 
work of Bingham and Green on the properties of plastic flow has 
raided criticisms on some of the results, but the value of their 
investigations becomes more and more recognised by all students 
of paints. In the varnish section the necessity for improvement 
of anal 5 rtical methods is great, especially when small samples have 
to be examined. A new method for the separation of drying oils 
and resins is required, with satisfactory identification of the 
separated components of varnishes. Unanimity is desired for 
deciding standard durability tests, especially where organic coatings 
are employed in the protection of metals. 

Drying Oils. 

In an interesting survey of the world's production of flax seed 
and linseed oiU it is shown that during the past four or five years 
Argentina has produced more than half the world’s output of 
linseed, ^rior to 1916 Russia was one of the largest producers of 
flax Seed, but since that year Argentina, British Iqidia, the United 
States, and Canada have produced 90% of the total supply. 
Although the acreage of the Argentine crop is 1% above the 
pre-war acreage average, yet the crop for 1922 is estimated to 
be 50% greater. In British India (the second largest pro¬ 
ducer) the average acreage is 20% less than the average pre-war 
area, whilst the supply is dependent on weather conditions. In 
the- United States and in Canada the decline is more marked, due 
partly to the competition of wheat, which is more profitable. 
TiH) United States, Great Britain, France, Belgium, Italy, the 
Netherlands, and Germany crush more than 95% of all 
flax seed entering into national commerce. Prior to the war 
Germany was the largest bet importer of flaxseed, but in 1922 the 
supply had reverted to one-third of the pre-war volume. It is 
estimated that the consumption of linseed oil in 1922 in Europe is 
probqbly 40 million gallons less than pre-war, but decreased con¬ 
sumption in Europe is counterbalanced by increased consumption 
in- the United States, which imported 19 million gallons in 1922. 

* Commerce MonOUy, New York, June, 1923. 
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Already ateps are Jwing taken in the last-named pnuntry to prevent'' 
the decline of home production. f 

The maintenance of the immediate demand for linseed oil will 
depend in a large measure on widespread continuance of building ^ 
activity, and the permanent maintenance of consumption require- • 
ments at a relatively high level seems probable. An interesting 
review of the linse^ oil industry has appeared,® in which the 
future prospects of the linseed industry are discussed. The 
number of contributions on the drying of linseed oil during 1923 is 
very limited and the results are not striking. H. A. Gardner and 
H. C. Parks’have e^.' oined the influence of coloured and ultra¬ 
violet light on the drying of linseed ofl. As would be expected,ithe 
screening of ultra-violet rays by red glass showed a loss of acceler¬ 
ating effect. F. H. Rhodes and A. E. van Wirt’ have investigated 
the effects of various pigments upon the rate of oxidation of linseed 
oil. Their conclusions are that the drying of linseed oil is an auto- 
catalytic reaction. The real catalyst is the oil itself, and the effect 
of lead salts in accelerating the drying of the oil is due to the fact 
that these salts are pseudooatalysfs, promoting the formation of 
the autocatalysts and thus increasing the rate of oxidation when the 
oil is first exposed to air. It is considered by most workers that the 
drier takes the place of the autocatalyst. The lead drier is stated 
to have no marked effect on the total amount of oxygen ultimately 
absorbed by the oil.’ The influence of pigments is:—(1) passive, as 
in the case of silex; (2) reducing the rate of oxidation, quantity of 
oxygen absorbed, and volatile matter bberated as in the case of 
lithopone, titanium dioxide, and barium sulphate qjigments; 
(3) increasing the amount of oxygen absorbed, when white lea3 and 
basic lead sulphate are used. Zinc oxide acts as belonging to 
class (1) or (2). The authors state that the results are preliminary. 

From the examination of several hundred samples of commerctal 
linseed oil, H. Wolff* has pven the average limiting values of the 
analytical characteristics, and states that I.V. (HUbl)=I.V. (Wijs) 
—fI.V.(Wijs)-1401x0'2 holds for linseed oil. 

The same author’ examines the oil obtained from paints by 
determination of its refractive index, which is normally 1-480-1486. 
A higher refractive index shows the presence of resins, which ffe ' 
separated from the oil by the method of Wolff and Scholze.* The 
investigation of H. Wolff aAd C. Dom* on the nature of deposits in 

> Chem. Trade J., Nov. 11, 1823. . 

• H. A. Gardner and H. C. Parka, Circ, 172, 17.5. Pamt Manujrs. Aseoc., 
1823 ; J., 1823, 463a, and J., 1818, 91Sa. 

‘Ind. Eng. Chm., 1823, 16, 1135; J., 1923, 1233a. 

•0/. S. Coffey, OKem. Sac. Tram., 1922,121, 17. 

•Chem.-Zeit., 1923, 47. 142; J., 1923, 276a. 

’Earlm-ZeU., 1923, 28, 931; J., 1923, 411a. 

»/., 1914, 363. 

Oil and Colour Tr. J., 1923, 1002. 
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boiled oils and vamdshes discloses the already well-known fact of 
the presence of leail palmitate and stearate and that demucilaginated 
oils have a greater tendency to form separations than mucilaginous 
oils. Nevertheless they do not refer to methods of dealing with 
gum-oil'oomplexes in ■Varnishes, which persist after the lead salts of 
the saturated acids have been deposited. E. Andre’® has <found 
that it is impossible to effect a complete separation of methyl 
linolatefrom methyl oleate by distillation in vacno (2-3 mm.) o-wing 
to the polymerisation of the former ester on continued heating. 
In view of the possible use of anhydrides of unsaturated acids the 
preparation and properties of the anhydride of linolio acid are of 
interest.” B. J. Anderson and M. G. Moore’® conclude that linseed 
oil contains at least two phytostcrols, which differ in melting points 
and optical rotations, but it must bo confessed that the differences 
are not very marked. Cottonseed oil is also stated to contain more 
than one phytosterol. 

H. A. Gardner and P. C. Holdt’® recommend specifications for 
aluminium stearate, which is used to give body to and to prevent 
settling in ready mixed paints, as well as to confer water-resisting 
properties on washable distempers and to give an egg-shell gloss 
finish to furniture varnishes. There are two papers which were 
omitted in last year’s Annual Eeport and are worthy of reference. 
D. Holde and collaborators” recommend the use of Hanus’ reagent 
in the determination of the iodine value of the liighcr aliphatic and 
aromatic unsaturated compounds.’® The peculiar property of 
glycerides in possessing a double melting point has led A. Griin’® to 

propase two formulae, R.CO.OR and RC<(^q | R to account thereby 

for their unusual reactivity, which frequently resembles that of 
salts, except in greater slowness of reawjtion. This proposal is of 
interest in coimexion with the different behaviour of the glycerides 
of drying oils compared ■with the methyl and ethyl esters. 

H. A. Gardner” has patented a process for the chlorination and 
dechlorination by a catalyst of non-drying and semi-drying oils to 
produce drying oils, which are ■viscous, and still retain 40-60% of 
the chlorine introduced.’* The Badisohe Anilin und Soda-Eabrik’* 
cBim the production of drying oils from petroleum and tar oils 

>» CompUi rend., 1923, 176, 686 j J., 1923, 364a. 

“ 0. Holde and S. WoUl,. Ohem. Vmechau, 1923, 30, 198, 206 ; J., 1923, 
896a, 938a. . • 

“ J. Amer. Chem. Soe., 1923, 48, 1963; J., 1923, 937a. 

" Paint Manuf. Asm., U,S.A., Giro. 182, 1923; J., 1923, 730a. 

>*C6em. Vmschau, 1922, 29, 185 ; J., 1922, 667a. 

w Maclean and Thomas, Biochem. J., 1921,15, 319. 

’• Oesierr, Chtm.-Zeit., 1922, 26, 37 ; J., 1922, 334a. 

"U.S.P. 1,462,663; J., 1923, 667a. 

>• U.S.P. 1,463,884 ; J., 1923, 1032a. 

’•Q.P. 379,630; J., 1923, 1186a. 
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using phosgene. •The specifications for China wood oil drawn up 
by the A.S.T.M. are acceptable to importers ajld consumers, with 
the exception of the heat test. The modified Browne test should be 
supplemented by that of Worstall, in which the character of the 
solid polymerised gel and its colour can he f)hscrvod.®’ 

Fifrther investigations on the properties of wood oil have not 
contributed much to the knowledge of the subject, and papers by 

J. Marcusson and by F. H. Rnodes and T. J. Potts contain much that 
was previously known. Marcusson^ has examined the formation 
of the solid modification of jS-el»OBtearin and has confirmed earlier 
published work on tftr subject, but the statement that the action 
of air or light on the solid modification produces polymerisation 
requires confirm."tion, because the white crystalline substance is 
very oxidisable. Similarly the formula of elseostearic acid given by 
A. Vercruysse® is the same as that given originally by Majima. 
Veroruysse found that on oxidation by potassium pcrnianganate 
elaeomargaric acid gave an amount of carbon dioxide corresponding 
with four atoms of carbon in the molecule, in addition to azelaic 
and valeric acids. The detection of succuiic acid in the presence of 
azclaic and valeric acids had been unsuccessful.^ P. H. Rhodes 
and T. J. Potts*^ in their investigation of the inhibition of the 
gelation of tung oil state that the efficiency of glycerol, oleic acid, 
rosin, ester gum, paracoumarone resin, and linseed oil are in the 
order given. It must he pointed out that the retardation of gelati- 
nisation of tung oil by glycerin at 280° C. requires the retention of 
glycerin in the system, otherwise the retardation is very slight. 
The presence of free glycerin in wood oil mixings is determental to 
the quality of the films. P. H. Rhodes and H. E. Goldsmith*'’ have 
determined the variation in the refractive index of Chma wood oil 
with temperature and fix it at 0-0004 per 1° C. C. P. Mabery** 
also contributes to the discussion on the heat treatment of tung oil. 

Among the investigations on other drying oils mention may be 
made of papers by C. T. Wang,** who advocates the revival of the 
perilla oil industry in China, and considers that its drying qualities 
are superior to those of tung oil, which has so largely superseded it. 

K. H. Bauer** and R. Hardegg*® independently have examined 
perilla oil by the usual methods employed in the invcstigatio*of 
drying oils. The acids identified were palmitic, oleic (6-7%), 

W. Fasig, Chem. Abstracts, 1923, 640. 

“ Z. Deuts. Oel- u. FeU-Ind., ^923, 43, 102 ; J., 1923, I'ISa. 

“ BuU. Soc. Chim. Belg., 1923, 32, 151 ; J., 1923, 665a. 

Chem. Soc. Trans., 1912,101, 2089. 

•* Chem. and Met Eng., 1923, 29, 633 ; J., 1923, 1031a. 

“ Ind. Eng. Chem., 1923, 16, 786 ; J., 938a. 

••Ibid., 1923,18, 365 ; J., 1923, 663a. 

** J. China Soc. Chem. Ind., 1923,1, 11. 

“• Chem, Vmschau, 1923, 30, 9; J., 1923, I49a. 

••Ibid., 1922, 28, 301. 
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linolic, and lin^enic acids. The oxidation products from the 
potassium pennatganate treatment, when extracted by the 
Heiduschka method, gave a mixture of mono-, di-, tetra-, and hexa- 
(normal and iso-) hydroxysteario acids. The authors admit that 
the oxidation method employed is not ideal for quantitative 
work. » 

The marketable supply of oitica (oiticioa) oil does not appear 
available, although the oil would be of value for both the paint and 
vamish trades.®’ An interesting summary of the fish oil industry is 
given in (1) an article by P. T. Bruy 6 rc,“ comprising the refining, 
bleaching, blowing, and utilisation of the foots of the oil, and ( 2 ) 
a communication entitled “ The technology of fish oils.” Pish oils 
are now largely used, especially in America, in combination with lin¬ 
seed oil and also as a direct substitute for it. The fish oils are said 
to be more heat-resisting, so that they may be used on iron work 
exposed to relatively high temperature and generally for work in 
which their quick drying and binding qualities are valuable. The 
chemistry of menhaden oil and other fish oils is by no moans clear. 
M. Tsujimoto^ ascribes the formula (Cj 2 H 340 j) to clupanodonic 
acid, which he obtained from Japanese sardine oil by the poly¬ 
bromide method and the lithium salt acetone method.’* J. B. 
Brown and G. D. Beal,” from observations on the methyl esters 
obtained from menhaden oil, conclude that in addition to clupan¬ 
odonic acid (CijHjgO,), there are present hexadectiienoic 
(CijHjgOj), linolenic, arachidonic (CjoHajOj) (4), eicosapentenoie 
(CjijHjjOj) (5), docosapentenoic (CjjHjiOj) ( 6 ), and doeosa- 
hexapoic (CjjHjgOg) (7) acids as well as myristic, palmitic, and 
pahnitolic acids. The figures in brackets in^cate the number of 
double bonds presumed to be present in the molecule of the acids. 
Careful fractional distillation of the methyl esters indicated the 
presence of C 14 , Cj,, Cj,, Cjj, and Cgj acids and one fraction is 
practically pure methyl clupanodonate. It would appear as if 
some new reagent or some new reaction were required to efiect the 
separation of the unsaturated acids of drying oils. W. Meigen and 
A. Neuberger,” in the examination of the quantitative methods for 
th^ separation of solid and liquid fatty acids, consider that the 
methods of Bull, PjeUanger, Pachini and Dorta, and David yield 
approximately half of the liquid acids in a pure condition. They 
state that a quantitative, separation to 96% of oleic acid from 
stearic acid can be effected by their 'thallium salts. 

•" H. A. Gardner, Point Manuf. Asmc., O.S.A., Cin. 177, 1923. 
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A. Eibnor®* maintains that the yellowing of linseed oil films is a 
particular effect of free linolenie aeid (produced^by aqueous hydro¬ 
lysis) or its peroxide. It is noticeable that the yellowing effect is 
not apparent when poppy or nut oil films are subjected to the 
same conditions. 

Th'fe crystalline bromides of h'nseed oil have been investigated 
by H. Toms,^* who states that they consist of mixtures of (1), 
linolic-dilinolenic bromoglycerido, m.p. 153° C., and (2) trilinolic 
bromoglyceride or oleic-linolic-linolenic bromoglyceride, m.p. 177°, 
in varying proportions. The bromoglycerides have been obtained 
pure by crystallisation Irom ethyl acetate. It is probable that the 
uncertainty of determination of linseed oil by means of its bromo- 
dorivatives is due to the formation of the above mixtures. * Analyses 
of chia, rubber seed, sunflower, and tung oils are contained in a 
report of the Society for Testing Materials.^ It is recommended 
that the treatment of tung oil with lime should be omitted before 
applying the heat test. 


Resins. 

It is often difficult for the student to find statistics of the pro¬ 
duction of raw materials required in an industry, especially in that 
connected with the manufacture of paints and varnishes. During 
the year three papers have been published, recording the production 
of turpentine and rosin in America-, France, and Russia. The 
United States provide 60-65% of the world’s supply of turpentine 
and 70% of the rosin, of which 35-40% of the turpentine and 30% 
of the rosin are used in that country. England is the second"great 
consumer of these materials. The distribution of turpentine in 
industry is as follows : paints and varnishes require 48%; paint 
and varnish thinners, 40% ; polishes for boots, etc., 6%; pharma¬ 
ceutical preparations, 2%, and other uses, 4%. The distribution 
of rosin in the various trades is: soap industry, 42%; paper 
industry, 25%; paints and varnishes, 17% ; linoleum, 3% ; rosin 
oil, pitch, and printing colours, 6% ; other uses, 7%. The distri¬ 
bution in England is practically the same as in the United States. 
The export of turpentine from the United States was 9,864,000 
gallons and 799,000 barrels of rosin, which is a reduction on the 
pre-war export. Wood rosin obtained by extraction from pine 
stumps is now offered from Asnerica." "The output^of turpentine 
and rosin in Prance has increased compared with pre-war figures. 
In 1913 25,000 metric tons of turpentine and 85,000 metric tons of 
rosin were produced. In 1922 the turjientine output had ri»sn to 

>• Bayer. Ind. Gewerbeblatt, 1922, 64 , 106, 113, 117 ; J., 1923, 190a. 

•• Oil and Ool. Tr. J., 1923, 2041. 
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** F. Qoldschmidt, Oel- und FsUind.. 1923. 4S. 370. 



326 


BEPOIffS OF THE ^-BOOBBSS OF APFLIED OHBMISTEr. 


32,000 metric tons and the rosin to 118,000 tons. France now 
produces one-sixth ()f the world’s output and 28%'of the turpentine 
with 50% of the rosin of the French crop are exported from the 
country.^ The temperature coefficient of the refractive index (%) 
of American turpentine is 0-000468.“ An interesting summary 
of the production of Ru.ssian turpentine is given by B. Smirnpff.** 
At the present moment the All Russian Co-operative Union of 
Wood-Working and Wood-Converting Associations, “ Vsekoless,” 
has succeeded in uniting the majority of producers. According to 
the author of the paper, the system of specifications and trade marks 
to be adopted will remove all doubt as to the exact nature of any 
brand of Rus.sian turpentine offered. The varieties are; virgin 
dip (from Archangel only); steam-produced (by the action of steam 
on stumps); retort-produced ; boiler-produced and pitch turpen¬ 
tines. Each class has a number of varieties with a total of 21. 
For details the original paper must be consulted, in which will be 
foimd fractionation values, specific gravities, and colour grade of 
the varieties. 

In continuance of the statistics of the production and sources of 
resins, roferonco may bo made to the export of copal from the Congo 
region and a recent report on the kauri industry of New Zealand. 
The export of copal from the Congo to Antwerp in 1922 was 
' 13,000 tons (35 million francs), but in 1023 a reduction is expected, 
because of the exhaustion of stocks in the Congo region.''^ 

A useful report on the kauri industry of New Zealand is to be 
found in the Bulletin of the Imperial Institute (1922, p. 331). The 
presept-daj aim is to recover all the gum that the land contains, 
evendown to the finest particles. In the modem methods of 
obtaining the resin, the soil is puddled with water and sieved through 
various meshes, using mechanical agitators, or the swamp material 
after being mixed with water is raised by an elevator into a special 
disintegrator for breaking up the soil only, and the gum passes into 
cylindrical screens of diminishing mesh. The gum is purified by 
the Maclaurin process, which consists of treatment with a brine 
solution {d 1-15), in which the gum floats. The grading depends 
partly on colour and on the place of origin. The bleeding or tapping 
of the living tree {Agaihns anslralis) is forbidden in the State 
forests. Of the exported kauri, 60%, usually of low grade, is used for 
linoleum. The total export in 1020-21 was 6131 tons, of which the 
United States-took 3224 tons, valued at £345,992, and the United 
Kingdom 25.54 tons, value £149,422. The Report of the Com¬ 
mission of 1921 recommends that there should be a standard 
« 

“ Chvm. el Ini., 1923, 428. 
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grading for export, the methods of recovering gum from gum- 
bearing soils should be improved by the intjoduction of more 
elfioient methods, by the use of washing plants and the application 
of the Maclaurin process. Further scientific investigations should 
be carried out on the effects of “ bleeding ” tsees, on kauri peat, and 
on alUhe products of the kauri forests. When kauri peat is distilled 
40 gallons per ton of peat is obtained, which on fractional dis¬ 
tillation gives 10 % of a motor spirit, 80% of heavier oils, and 10 % 
of pitch. The black peat above the so-called kauri peat on 
distillation gives 20-30 gallons of oil per ton of peat. 

A. H. Gill and D Ni-iliida^* have contributed some notes on the 
oil from kauri copal. The observations are evidently of a prelim¬ 
inary character, but it is stated that the middle and higher 
fractions of the oil, unlike rosin oil, gave no retene. 

In the investigation of the chemical composition of the natural 
resins further work on amyrin from manila resin has been carried 
out by A. Rollett and K. Bratkc.” They have obtained from 
^-amyrin by oxidation with potassium persulphate crystalline 
hydroxy-fi-amyrin acetate C 3 (|H 4 ,O.CO.CH 3 , m.p. 291‘’-292° C. ; 
also hydroxy-| 8 -amyrin (cryst.) C 3 oH 4 ,O.OH, m.p. 200‘’-201°C., 
which on oxidation by chromic acid yielded hydroxy-^-amyrone, 
C 3 oH 4 , 02 , m.p. 216°-217°C., which yields an oxime. 

H. Jansch and P. FantP* continuing the work of Wallach, Clover, 
Seramler and Liao, have examined the crystalline solid occurring in 
the elemicin fraction (b.p. 140°-150° at 10 mm.) of elemi oil and 
have shown it to bo a bicyclic sesquiterpene alcohol (a-elemol 
CisHjjO) with only one double bond. It is isomerised^ ; 8 -elemol 
(monocyclic terpene alcohol) during benzoylation. On reduction by 
zinc dust a-elomol yields elemano, C 15 H 2 , (b.p. 115°-119° C.). 

J. L. Simonsen*® concludes from an examination of the essential 
oil of Boswellia serrala that d-a-pinene is not present, as stated by 
Pearson and Puran Singh in 1918, but that the essential oil consiste 
of a-thujene (b.p. 1.52°-155° C. at 699 mm; = 37’69°; 

n®^=l-4502). The same author™ has investigated d-Iongifolene 
occurring in the higher boiling fractions of Indian turpentine. 
d-Longifolene is a sequiterpene, but not a naphthalene derivative. 
On oxidation it yields two isomeric longifolic acids (C 14 H 2 JOJ). 
Further oxidation gives small quantities of o-dimethylsucoinic acid, 
and from the main bulk of the oxidation product a crystalline 
orthodiketono (d longif- 1 . 2 -di 9 ne), CijHjjOj, was isolated. 

A recently issued Bulletin (No. 142) of the Agriculfiiral Research 
Institute, Pusa, by C. S. Misra, contains an account of the culti- 

“ Ind. Eng. Chem., 1923, 16. 1276; .11m,, 1924, B, 63. 

« Mmatsh,, 1923, 43. 686 ; J'., 1923, 574a. 

•• Ber., 1923, 66, 1363 j J., 1923, 799a. 
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“ Chem. Soe. Trans., 1923, 123, 2642; J., 1923, 1247a. 
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vation of the la^ insect in the plains of India^ including its life 
history and the n^nufacture of shellac and other phases of the 
subject. No outline can do full justice to the Bulletin, which all 
those who are interested in the subject should obtain for them- 
selves.^ H. VoUmann®* gives a summary and review of the recent 
work of Harries and Nagel, Tschirch, Aschan and others on the 
constitution of shellac and of the conifer resins. The production 
of shellac and its decomposition products have been discussed by 
A. Tschirch.® The shellac resin and wax are considered to 1» 
built up by the lac insect and not absorbed ready made from the 
plant. The red colouring matter has its origin probably in the 
activity of red bacteria in the body of the insect, the resin being 
secreted from glands distributed over the whole surface of the 
insect, while the wax is secreted from localised glands. The 
chief products of successive extraction of stick-lac with water, 
alcohol, xylene, and caustic soda are laccaic acid (Cj|)H] 40 i,); an 
acid resin containing -an ether-insoluble volatile odoriferous 
crystalline substance, also golden-yellow erythrolaccin (CjsHjjOj), 
soluble in ether, related to emodin, aleuritic acid, CnHjjOj (in¬ 
soluble in ether), wax, and a third dyo-substance related to the 
laccaic acid located in the body of the insect. 

C. Harries and W. Nagel'* have continued their investigations on ' 
the nature of shellac and have isolated shelloUo acid (shellene- 
dioldicarhoxylic acid, CijHjoOj), which is an unsaturated di- 
hydroxycarboxylic acid. They conclude that it is very improbable 
that shellac resin is the aleuritic ester of a higher alcohol, since no 
trace of tljp latter could be detected, and as the resin does not con¬ 
tain free acid, it appears probable that the shellac molecule is 
composed of hydroxy-acids united in the form of lactides. For one 
of the simpler components they suggest the following formula :— 

°^)>CaA.(OH)COOC„H„(OH)<(90 
(aleuritb acid). (shellolio acid). 

the composition of which is closely similar to that of the pure resin. 

P. H. Walker and L.L. Steele" have discussed the production of 
sljgllao and its grading and have drawn up specifications for orange 
shellac and orange shellac varnish. The paper is worthy of carefiil 
reading in view of the many inadequate specifications in use by 
purchasers of the resin. The commercial grading of shellac is based 
generally on freedom from rosin anrf dirt and on the colour of the 
resin flakes. The Liebermann-Storch reaction is sensitive to about 

‘’•oa and Col. Tracks J., Sept. 15, 1923. 
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0 % rosin content^ Walker and Steele recommend the use oi the 
Halphen-Hioks reagent for the detection of rosij^, but if is doubtful 
as to whether it is superior to that of liebermann and Storch. 
Wijs’ method for the determination of the iodine value is now 
considered to be inapplicable to shellac sdutions. The authors 
recommend McHhiney’s process^* for the determination of the rosin 
content of shellac. For further details of the specifications the 
original paper may he consulted with advantage. 

F. Simion” calls attention' to the comparative neglect of the 
study of natural resins by scientific workers. Innumerable pro¬ 
blems remain to be solved in connexion with the natural resins, and 
it may be prognosticated with certainty that every advance in, the 
scientific knowledge of these materials will be directly accompanied 
by equally important developments in their technical application, 
'^en it has been determined which of the components of the 
natural resins are the cause of certain valuable properties (hardness, 
elasticity, resistance to chemical reagents, electrical insulating pro¬ 
perties) and which act as a ballast or even retard the desired effect, 
it will then be possible not only to determine the value of a resin 
by analysis, but also to prepare lacquers and insulating materials 
of hitherto unknown excellence.®® It will be some time before 
the expectations of Simion will be realised, but there is no doubi 
that further investigation of the resins will bring a valuable reward, 
The following investigations in the paper are worthy of mention: 
the results of two methods of the determination of the solubilitj 
of copals in alcohol are stated to give results with an error of onlj 
0-6%. The changes in the copals on melting are of interest, and 
although the author states that the running of copals has not beer 
scientifically investigated, yet there is much more known in th« 
trade than the author imagines. Attempts to remove the darl 
colour of acaroid resin have not been successful. The red acaroic 
is bleached only temporarily, especially in acid solution by reduction 
and the solution soon acquires a red colour much more rapidly that 
in the case of a bleached solution of the yellow acaroid resin 
C. H. Moulder and F. P. Gulley®® describe a method of treatment a 
Xan&orrhcea gums for the production of dyes and stains. 

In view of the restricted data as to the composition of resins, tffii 
classification and analysis can only be approximate. P. C. Holdt 
H. A. Gardner, and P. E. Jameson®” propose a classification bj 
determination of the resin acids and unsaponifiable,matter and o 
the solubility of these fractions. Group 1 contains resins completel; 
soluble in alcohol and benzol (1:1), and consisting almost entireb 

“’J., 1908, B79. 
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of saponifiable frw resin acids with small amounts of volatile and 
unsaponifiaWe matter. To this group belong kauri, manila, ponti- 
anak, Borneo, and the live conifer resins (rosinand sandarach). Group 
2 contains Zanzibar, Mozambique, Madagascar, Brazil, Congo, Sierra 
Leone, Angola, Bcnguala, Accra and other West African copals, 
consisting of saponifiable resin acids (soluble in alcohol-benzol), and 
an unsaponifiable portion insoluble in any known solvent. Group 3 
contains East Indian copal and black dammar with an unsaponifi¬ 
able portion soluble in benzol, insolvfble in alcohol, and containing 
a relatively smaller amount of saponifiable matter. Groups 1 and 2 
are further divided into sub-groups, characterised by different 
limiting values. With certain resins considerable differences were 
found between the direct and indirect acid values ; this is usually 
designated as the ester value, but the authors believe that the 
differences are due to aldehydes and call them aldehyde numbers. 
The Circular contains a complete bibliography on varnish resins. 

An investigation on the components of two forms of amber, 
succinite and gedanite, has been carried out by A. Tschirch, 
E. Aweng, C. de Jong, and E. S. Hermann.® They find the t,wo 
forms are alike in regard to chemical composition. The method of 
separation of the component acids is on the usual lines, and the 
alcohol-insoluble portions of the resins when hydrolysed with 
r alkali give succinic acid (2%), and succino-resinol (3%) CijHjjO, 
leaving a residue of succino-rosene, CujHjjO^, m.p. 324° C., which 
is 66% of the original amber. The resene is indifferent to alkalis 
and insoluble in solvents except aniline, pyridine, and phenol. 
Amber dif[ors markedly from recent conifer resins in this high 
propoition of the reseno. The possibility of the formation of a 
resene from rosin is an interesting speculation. 

Among the communications on colophony Schorger® has adduced 
evidence to show that the crystallisation of rosin is not due to 
hydration,and that rosin does not consist of abiotic anhydride.** 
0. Aschan and H. Karstrom®* state that the specific rotation [a*^j 
of some colophony acids varies between +6° and +67° in 
benzene (in alcohol the variation is less), but a specimen obtained 
from Finnish varieties was strongly Isevorotatory. F. P. Veitch 
ani W. F. Sterling** point out the importance of considering 
the changes in powdered rosin when exposed to the air or oven in 
closed containers, such as are used for storing laboratory samples. 
The changes are not solely flue to oxidation, because of the presence 
of an anhydridb. In six weeks the acid value had fallen 8 units, the 

“ Heir. Ohim. Acta, 1923, 6, 214 ; J., 1923, 278a, 
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saponification value had increased by 8 units, and the iodine value 
had fallen 55 units. The softening point of tte rosin had risen 
nearly 12° C. It is of importance for analysts fo powder the rosin 
immediately before examination. The glyceryl e^rs of rosin are 
reviewed by A. Murray” and H. Wolff“t and details for their 
prepqfation are given. The statement that the presence of zinc 
oxide, zinc dust, zinc carbonate, or a galvanised surface of the 
melting pot accelerates the esterification,** must be accepted with 
reserve, as the temperature of‘esterification is an important factor 
in the reaction. 

The investigations on the changes of state from the aspect of 
aggregation and solubility form the subject of papers from several 
investigators. H. Wolff in an investigation of the solution of lac 
in sodium carbonate, borax, etc., has confirmed observations by 
A. P. Laurie and 0. Ranken,™ and concludes that the solution 
process is of the nature of peptisation in the presence of alkali and 
that hydrogen ions, acting as coagulants, cause the loss oi solubility 
of bleached shellac, unless it is kept under water.™ M. de Keghel™ 
discusses the mechanism of polymerisation and depolymerisation of 
resins. The resins, when exuded from the tree, consist of acids and 
esters forming a disperse phase in a polyhydric alcohol sol (so-called 
copal oil) in the form of elements of inegular dimensions called 
“ particles.” Each particle consists of a nucleus (granule) of ultra- 
microscopic dimensions and a variable number of molecules of esters 
and acids. The particles possess Brownian movement and the 
granules tend to join together, the surrounding layers of esters and 
acids disintegrating thereby. These changes constitute jpaturation. 
When they have proceeded far enough the resin sets to a soft mass 
and the colloidal state is destroyed. The subsequent hardening is 
due to the polymerisation of the esters; the degree of hardness 
depends on the state of polymerisation reached. Time, temper¬ 
ature, and pressure are secondary factors. By heating under 
conditions to prevent dissociation the resins can be softened to 
practically the same condition as when they were flocculated. If 
the softened resins bo heated in water in an autoclave at gradually 
increasing pressures and for progressively increasing lengths of time 
they can be heated far above their initial melting point without sbj 
signs of incipient fusion or deformation and change in colour, bul 
with a decrease in the acid value and saponification value anc 
increase in iodine value an^ softening temperature. Demerari 
resin after several treatments at 344° C. and 38 atifi. for 300 hrs 
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acquires values approaching those of amber. .Be Keghel infers 
felt the various rteins are of the same nature, hut have reached 
different stages of polymerisation. C. Harries” suggests the use of 
the terms aggregation and disaggregation to replace polymerisation 
and depol 3 Tnerisation. Harries and W. Nagel’‘ have described two 
forms of purified shellac resin, identical structurally, but differen¬ 
tiated only in the state of aggregation, one form being easily soluble 
in alcohol and easily hydrolysed by alkali, whereas the other form 
is insoluble in alcohol and hydrolysed with difficulty. The forms 
are interchangeable by reagents, e.g., acetic acid will transform the 
inactive into the active form, whereas the active modification 
is made inactive by ether containing a little hydrogen chloride. 
The inahility of one product to enter into chemical change is attri¬ 
buted to the mechanical arrangement of the particles in such a 
manner that an inadequate point of attack is offered to the reagent. 
The vulojknisation of rubber is attributed to the displacement of the 
aggregation of the particles. The alteration of dispersion of resins 
in solution by small quantities of reagents is well known, but the 
observations of Harries and Nagel are of interest in showing 
differences in the chemical properties of states of aggregation of a 
resin. 

H. D. Wright and W. 0. Kermack’® state that the power of 
gelatin to protect gum benzoin against precipitation by sodium 
chloride solution depends on Pn and isataminimumatthe isoelectric 
point. Precipitation by acids depends essentially on the coiucen- 
tration of the hydrogen ions. The amount of salts required to 
precipitate' ihe gum increases with the hydrogen ion concentration. 

H. Dubovitz’* has examined changes in the values of oil when 
destructively distilled to yield the-stearine pitches. The oompo- 
sition of the pitch is undecided, although the conclusion as to the 
presence of characteristics of the fatty oil in the pitch holds true. 

Hubber latex precipitates and dispersions are of interest to all 
manufacturers of water paints, and a study of their properties is 
worthy of consideration. Some notes on the Calvert process” 
show that the latex may be treated in such a way that the particles 
ar.^retained in the subdivided form in which they exist in the latex. 
Each particle becomes coated with a condensate of the natural 
serum. 

; To those interested in thd properties of the hydrogenated products 
of benzene, naphthalene (e.g., hexahydro-phenols and -cresols, 
hexaline and heptaline, tetra- and deoa-hydronaphthalenes), useful 
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summaries of thejr properties are given by N. Heaton’® and Wel- 
wark.’® The valuable properties of these sjilvents-make thdr 
investigation a matter of importance, and the initial difficulties 
with regard to their use will be overcome. Hexaline and hept- 
aUne possess the property of forming*clear mixtures with 
aquocus soap solutions of the usual fatty acids, which mixed 
solutions possess remarkable solvent and emulsifying powers for 
fats, fatty acids, mineral oils, or waxes. It must be mentioned 
that a colour reaction for decaline in turpentine is unknown and 
4% is the minimum amount which can be detected by the use of 
Salvaterra’s method.*® 


Synihelk Resins. 

Progress in the manufacture of the phenol resins is the subject of 
a paper by L. V. Redman.*’ He describes the application of 
laminated phenol products, Bakelite-Dilecto, BakeUte-Micarta, 
Laminated-Redmanol, Formica, Condensite-Celeron, and Fibroc, 
for the manufacture of octagonal plating-barrels in cyanide solutions 
and non-conducting conveyor-chains in cyanide plating. The 
laminated phenol products have sufficient resistance to cyanide 
solutions to give good life and wear in this mechanical-chemical 
operation. The pure phenol resins are unaffected by hydrofluoric 
acid and furnish transparent vessels for measuring cylinders and 
conductivity cells for acid. The woven laminated phenol resins 
are rapidly replacing other materials for silent gears, for resisting 
dampness and the corrosive effects of cleaning materials, and 
replace raw hide gears wherever rodents are a possible mbnace. 
They are also used in accurate gears for vernier adjustments on 
high-class radio phonographic motors and in printing presses. In 
the automatic telephone the laminated phenol resin products have 
replaced hard rubber as the insulation used in automatic piles, since 
the phenol resins when properly made have no “ cold flow.” These 
mechanical properties of rigidity or non-flowing under pressure 
from* bolts and screws have given the phenol resins a very extended 
use in the radio industry. A further interesting mechanical 
application is the replacement of porcelain by phenol plastfBS, 
wherever violent shook is liable to break porcelain, as in the dis¬ 
charge of high-power guns on battle-ships. 

In order to establish the pnoper temperature of “ curing ” of the 
phenol resins, the General Electric Co.** incorporate a dye in the- 
resin which undergoes change in colour as the temperature rises. 

'• J. Oil and Cd. Ghem. Asaocn., 1923, 6, 93. 

"* Chan. Trade J., 1923, 305. 

• H. Wolff, Farbm-ZeU., 1923, 89, 78. 

‘iBd. Xng. Chan., 1923, 16. 877. 

'E.P. 196,669 ( J., 1923, 609a. 
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L. Belirend®® states that the Albertole resins have proved as 
satisfactory as natjiral resins for the production of oil or other 
varnishes. An interesting development in the manufacture of 
synthetic resins is communicated by F. Folchi,®‘ who has condensed 
naphthalene with foriiialdehyde and concentrated sulphuric acid 
at 80° C. Tho condensation product obtained is soluble in 
turpentine.*® The furfural resins are reviewed by J. P. Trickey, 
C. S. Miner, and H. J. Brownlee,®* who gives a general survey of the 
subject and of the use of acid and alkaline catalysts. 

Furfural and phenol with hydrogen chloride as condensing agent 
give insoluble and infusible resins. Aniline with an alkaline 
condensing agent gives a resin soluble in alcohol, which stains 
wood a mahogany colour. A. Dobuis®’ gives a review of the 
synthetic resins prepared by the action of aliphatic aldehydes with 
aromatic hydrocarbons, amines, and phenols. The number of 
patents issued during the year is largo. Farbw. vorm. Moister, 
Lucius, u. Briining®* are, perhaps, the most important contributors; 
their specifications comprise condensation products from ethylene¬ 
glycol monoaryl esters and condensation products of phenols with 
aldehydo- and keto-carboxylic acids, and formaldehyde with 
aryloxyacetic acids, also aromatic hydrocarbons with formalde- 
. hyde and other aldehydes. The ethyleneglycol monoaryl esters with 
formaldehyde give resins valuable in the rubber industry for con¬ 
ferring elasticity on other synthetic resins. There are recent 
patents involving condensation of methylene chloride and phenol,®* 
formaldehyde and urea, thiourea, etc.,®* formaldehyde conden¬ 
sation products with phenols using sodium thiosulphate as con¬ 
densing agent,** and resins from glycerol and dibasic acids.*® A 
connexion between resinification and chemical constitution has 
been investigated by W. Herzog and J. Kreidl.** They indicate 
the presence of resinophoric groups, C : C.C : C, N : C : C; and 
: C: C.C : N. For example, dibenzyhdene-acetone when heated to 
180° C. in carbon dioxide gives a resin; phenylketimine, 

** Z. angew. Chem.t 1923, 36, 242. 
e- ** Hev. Chim. Ind., 1923 ; OilandJJol, Tr. J., 1923, 637. 

** CJ. A. Hutin, Rev. Prod. Chim., 1922, 28, 797. 

**7n<j. Eng. Chem., 1923, 15, 65 ; J., 1923, 278a. 

» A. Dobuia, Rev. Chim. fnd., 1923, 32, 185, 211 j Oil and Col. Tr. J., 
1923, 1858. • 

»• J., 1923* 613a, 614a. 

HohverkohlungB-Ind. A..G., E.P. 196,265 ; J., 1923, 939a. 

•" F. Poliak, E.P. 171,094 ; J., 1923, 609a. 

•'•E.P., 181,014 J J., 1923, 988a ; J., 1923, 940a. 

” J. G. Byrom and B. Attwater, E.P. 192,941 j J., 1923, 318a. 

“The Barrett Co., E.P. 173,225 ; J., 1923, 667a. 

•‘Z. angew. Chem., 1922, 88, 465, 641 ; 1923, 86, 471 ; J., 1922, 771a, 
989a i 1923, 1032 a. 
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C,HjN : C : CHj, ,is easily resinified, likewise acroleimnethylamine, 
CHj: CH.CH : NHj, is readily polymerised. | 

A. Eibner®^ reviews the investigation of the relationships between 
resiniflcation and chemical constitution as well as the general 
development of the artihcial resins. An interesting summary of 
the manufacture and properties of the coumarono rosins is given 
by E. Farber.®* It must be pointed out that the purified resins as 
ingredients of lacquers, paints, varnishes, and printing inks must be 
completely free from sulphuric acid. Although 10,000 tons was 
produced annually in Germany during the war, there has been a 
marked reduction in Citput of late. Nevertheless, the polymeri¬ 
sation of coumarone and its associate substances can be effectod in 
so many ways and lead to the formation of such divergent 
products as to offer a wide field of research for placing on a scientific 
basic the laws governing the empirically established processes of 
manufacture. 

E. Knoevenagel and K. Kiinig®® describe the conversion of solu¬ 
tions of cellulose acetate by small quantities of sulphuric or 
sulphoacetic acid, in the complete absence of moisture, into an 
insoluble modification with little or no loss of acetyl value and a 
slight decrease in the copper value. 

Pigments and Paints. 

J. Milbauer and K. Kohn®® have continued their investiga¬ 
tions on the conditions of production of chrome yellow. In an 
earlier communication the authors investigated tjje system: 
PbS 04 -l-K 2 Cr 04 CPbCr 04 -fKjjS 04 , and concluded that? the 
interaction proceeded almost completely from left to right and that 
the existence of lead sulphochromates in the pigment was unlikely. 
It has now been shown that the brightest preparations are obtained 
if a solution of lead nitrate or acetate be added with constant 
Btimng to a dilute solution of potassium chromate and potassium 
sulphate or sulphuric acid and the precipitate quickly separated 
fronr the mother liquor. The precipitate immediately after forma¬ 
tion bears a definite relation to the contents of the original solu¬ 
tion, the ratio PbCr 04 /PbS 04 : K 2 Cr 04 /K 2 S 04 being constant. She 
precipitate consists of minute rhoimic mixed crystals of lead 
sulphate and chromate, and the characteristic brightness of the 
product is due to the formation of a Solid solution of these two 
compounds. It is important to encourage rapid Sfeparation and 
washing of the precipitate to preserve the lead sulphate from the 

“ Z. mgew. Chtm., 1923, 36, 33. 

•• MetaUhorae ; OH Col. Tr. J.t 1923, 1838. 

Cellvloaechem.t 1922, 3, 113; J., 1923, 140a. 

•• Chm.-Z^., 1922, 46, 1145 j J., 1923, 106a ; J., 1918, 972: Oil Ool. 
Tr. J., 1923, 640. 
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action of chromate ions in the mother-liquor. The darkening of 
the pigment is attri^buted usually to hydrolysis of the lead chromate, 
but no satisfactory explanation has been given as to why lead 
sulphate reduces hydrolysis and contributes to tho fastness to light 
of the pigment; perhaps it is more correctly attributed to the 
formation of isomorphous mixtures and solid solutions of lead 
aulphate and chromate, as shown by microscopical studies of the 
crystals and of the action of various solvents thereon. 

A patent for the preparation of chrome pigments appears under 
the name of N. Underwood.** E. Renkwitzi** has shown that the 
ignition temperature of chrome green containing 20% of Prussian 
blue and 80% of lead chromate is lower than that of mixtures con¬ 
taining more or less blue pigment. The addition of 2% of vaseline 
oil to the green pigment increases the ignition temperature beyond 
the danger point, i.e., 238° to 246° C.; the same rise in temperature 
is caused by the addition of large quantities of inert material, such 
as barium sulphate. The temperature of ignition of Prussian blue 
is 234° C., and the addition of small quantities of ferrous sulphate 
lowers the ignition temperature. Of all the processes for the 
manufacture of Prussian blue that for direct production from coal 
gas is claimed by A. Delcl^ve*™ to be the cheapest. The principle of 
the method can be expressed by the following equations :— 
2M.0H-tFe804=Be(0H)j-fMjSO,; Fe(0H)j-|-H,S=FeS-t-2H20; 
FeS-l-6HCN-l-4M.OH=M4Fe(CN),-|-H;S-f4HjO 
(M.=Na from sodium carbonote). 

In order to avoid harmful secondary reactions, air is bubbled 
vigorously through the suspension of ferrous sulphide and the 
ferroeyanide, whereby the ferric oxide and sulphur formed are 
separated. The coal gas used must be free from ammonia. It is 
claimed that the process recovers the whole of the hydrogen 
cyanide, and avoids in the iron oxide purification mass the for¬ 
mation of compounds inert to hydrogen sulphide and the 
.production of valueless thiocyanates. 

t The discussion on the darkening of lithopone and zinc sulphide 
still continues, and the investigations by several workers published 
during the year indicate progress towards the attainment of a 
g'^nerally satisfactory explanation. ’ A. Job and 6 . Emschwilleri** 
consider that the darkening of zinc sulphide is dependent on the 
phosphorescence and hygroscopicity of the sample and is due to 
the formation of zinc and sulphur, Hydrogen and zinc penta- 
thionate are dso formed, hydrogen sulphide being an intermediate 
product. On the other hand, A. Schle^e“* states that there is no 

•W.S.P. 1,441,612; X, 1923, 235a. 

Forfwn-Zeil., 1923,28, 1066; J., 1923„509a. 
et Ind., 1923, 10, 632; Abe., 1924, B, 6 . 

>“ Oamptee rend., 1923, 177, 313; X, 1923, 897a. 
phynk. Ohm., 1923, 106, 386; X, 1923, mSA. 
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relationship between capability of blackening and phosphorescence. 
Pure zinc sulphide blackens very little, but the^jresence of chlori4es 
facilitates darkening. 

Steinau“* considers that the presence of a chloride is essential tc 
the production of a lithopone with good physical properties. He 
purification and preparation of the zinc solution is a very important 
stage in the manufacture of lithopone, deciding the whiteness of tte 
product, whilst the covering power and softness are governed by 
the precipitation and calcination processes. The tendency d 
lithopone to blacken is due, according to Schleede, to the sulphidr 
and halide crystallising together. \Hen zinc sulphide is exposed 
to ultra-violet light it always blackens, irrespective of the poroefltagt 
of halogen and heavy metal, if the sulphide be of a crystallim 
nature, , 

E. Maas and R. Kempf*®'’ consider that none of the hypotheses 
put forward is completely explanatory. They maintain that th( 
blackening of lithopone is duo to calcined zinc sulphides anc 
conclude that the phenomenon is caused by the zinc sulphids 
forming zinc disulphide and finely divided metallic zinc on th( 
surface of the mass.'”* Blackened lithopone brightens in the darl 
due to the oxidation of the metallic zinc, but the lithopone remaini 
black if no oxygen bo present. Amorphous, freshly precipitatoc 
zinc sulphide is not sensitive to light, neither is zinc sulphidi 
which has been ground in a mortar, because this treatment wouk 
disturb the lattice arrangement of the substance. A. Eibner“ 
states that the presence of chlorine is not the cause of the darkeninj 
of lithopone, but it decreases the light-proofness by ffombinatioi 
with heavy metal impurities to form sensitive sulphochlorides. U* 
^ discoloration of lithopone in light is strictly a chemical reaotioi 
caused by the phosphorescence of calcined zinc sulphide in actini 
illumination, which in turn catalyses the formation of coloure< 
sulphides of heavy metal impurities. The bitching of lithopwt 
discoloured by light occurs through the oxidation of the heav^ 
metallic impurities. Laght-proofness is obtained by removinj 
from'the original zinc solutions all heavy metal impurities. 

It would appear as if the blackening of lithopone were connect* 
with the presence of heavy metaUic impurities and the degree c 
oalcrnation of the zinc sulphide, but further investigations an 
required to establish unanimity as to the causes of the blackening 
t' The literature on the titamum pigments include* a paper b; 

“*■/.. 1922, 66a. 

“‘Z. angew. Ohem., 1922, 3$, 609; 1923, 36, 293 ’ J., 1922, 9tA;.192S 
J729 a. 

“• 0/. K. Fajans, J ., 1923, 245a, and E. Benversade, J. Pham. Chim 
19^; 27, 458; J ., 1923, 729a. 
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E. 0. Rasserwho reviews the present knowledge of the pig¬ 
ments.""® He states that they are inactive towards oil and to 
■ pigments used in paint and varnish industries. No mention is 
made in the literature of the titanium pigments of the oxygen¬ 
absorbing powers of the. titanium dioxide salts, with the production 
of the yellow higher oxides, especially in the presence of hydrogen 
peroxide. The production of titanic acid is the subject of patents 
by C. Weizmann and J. Blumontiold."*" The last traces of iron 
from the ilmonito product are removtd by washing the precipitated 
titanium hydroxide with acidified water containing a small quantity 
of the salts of tervalent titanium. H. Olsen**" in a review of the 
subject states that titanium paints are almost unaffected by 
■ weather and acid vapours. 

The use of titanium pigments has stimulated interest in the 
determination of the metal. L. E. Barton**® gives a method for 
determining barium sulphate and titanium dioxide in “titanox,” 
with directions for the analysis of mixed pigments containing 
titanium. 

In the manufacture of zinc oxide the coloured oxides of lead and 
cadmium can be removed by adding sulphuric acid and roasting not 
above 820° C. for 30 minutes. Basic zinc sulphate decomposes at 
766° C., whilst OPbO.fiSO^ and 5 CdO, 4 S 03 decemposo at 878° C.*** 
. The value of the vermilion produced in China (Hong-Kong) is 
1,800,000 Hong-Kong dollars. The industry is one of the oldest 
and best known in China and 90% of the output is used in the 
country.*** 

In connexion with the problem of the poisonous action of lead in 
paints; J. J. Fox**" has communicated a paper on the solubility of 
lead compounds used in paints. An order of the Secretary of State 
under the Act of 1920 lays down that “lead compound shall mean 
any compound of lead other than galena, which when treated at 
the ordinary temperature with 1000 times its weight of hydrogen 
chloride (0'25%) shall yield a quantity of soluble lead compound 
exceeding 5% (calc, as PbO) of the portion taken for analysis.” 
This requirement has been effective in the pottery industsy in 
dealing with lead silicates, but its application to the paint industry 
isiapen to criticism in view of the preponderating influence of the 
dust factor in lead poisoning. It must be admitted that the 
Government limit of 5% is more generous than the percentage (2%) 

Chem-Zett., 1923, 47, 460 : J., 1923', 729a. 
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agreed on between the master painters and the Home Office, es¬ 
pecially when red lead was not included among lead compounds 
(Annual Eeport, 1923). 

The Eeport of the Home Office Committee**® contains a number 
of recommendations and conclusions, some of which are subversive 
of the labours of previous committees. For outside painting and 
for certain kinds of inside painting there is at present no efficient 
substitute for lead paint. The Geneva Convention is recommended 
for legislative sanction with suine modifleations and regulations to 
deal with the combined use of lead paints. The cumulative effect 
of the evidence since 1913 is that there has been a marked increase 
of cost involved in the maintenance of external surfaces paipted 
with a non-lead paint. The Committee is satisfied that the dangers 
attendant upon the use of lead paint can be minimised by regulations 
providing for the .dtolition of dry “ rubbing down,” for adequate 
arrangements for personal cleanliness and, where necessary, for 
medical examination of the workers. Another conclusion is that 
there is not suffioiont ground to warrant accepting the view that 
turpentine poisoning is the cause of the leading symptoms commonly 
attributed to either acute or chronic lead poisoning, nor in attri¬ 
buting to the inhalation of the fumes of turpentine and other 
thumers the occurrence of Bright’s disease. The results of this 
and other committees have stimulated the adoption of reasonable 
safeguards*** and have done much to encourage the investigation of 
possible substitutes for load, whereby new materials have come 
into use without displacmg largely the older substances and have 
brought to light new properties of pigments and widened their 
choice. Control, rather than prohibition, appeals to British 
thought, but control must be efficient and not irksome, otherwise 
prohibition must win where the safety of any section of the com¬ 
munity is involved. F. Heim, E. Agasse-Lafont, and A. Foil**® 
state that lead and its compounds and not turpentine are the 
habitual cause of renal lesions and hypertension in painters. 

The preparation of lead sulphate oil paste is the subject of a 
patent by D. Whyte, in which it is claimed that precipitated lead 
sulphate, dried to remove the bulk of the water, when churned with 
about 9% of oil loses its water of crystallisation and forms with tte 
oil a smooth paste. The details of the patent apply to precipitated 
lead sulphate.**® 

H. Green*® has improved the method of obtaining photomicro¬ 
graphs (X 1600) of pigments.'®* He claims that Anffirican-process 

***C'A6m. and Ind., 1923, 376. 

*” C. A. Klein, J. Roy. Soc. Arts, 1923,71, 240 ; J, 1923, 318a. 

‘'•Comples rend., 1923, 178, 270; J., 1923, 235a. 

***E.P. 191,888 i U.S.P. 1,419,656 ; J., 1922, 600a. 

Ohem. and Met. Eny., 1923, 28, 63; J., 1923, 277a. 
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ite oxide can be distinguished fromFrench-procyss zinc oxide, and 

Sivee the avferage djameter of the particles of a number of pigments. 

Attention continues to be drawn to the applications of the 
colloid mill. Beference to the Plauson mill was made in the previous 
Annual Report and a farther description is to be found in a paper 
by W. J. Kelly.**' The Premier mill“* is not designed for prodfacing 
true colloids; it is really on the principle of a rapifiy revol \nng cone- 
null, so that the film of liquid is actually shea^ under conditions, 
which do not permit of the liquid acting as a fluid but as a solid, and 
tiiat the particles in the line of shear must themselves become 
(disintegTated during the shearing. The presence of protective 
substances is necessary to prevent coalescence of the particles. It 
is not claimed that the Premier mill can reduce solids to the colloidal 
,state, which can only be attained by means of the Plauson mill, but 
in the Premier mill large quantities ean be dealt with. It is not 
every pigment that will give satisfaction, but in the case of the 
softer varieties, such as are used for enamels and printing inks, a 
process is available whereby 20-<)0 gals, per hour can be dealt with. 

The colloidal phenomena in paints are discussed by C.Cofiignier*“ 
in reference to the thickening of paints and the advantages of using 
esters of the resin acids. The insolubility of the .asters of copals in 
oils often presents difficulties. E. B. Spear and H. A, Endros*®® 
have made a critical study of the ohscuring-power method for 
determining the relative average size of pigment particles. A 
method of preparing micro-sections of paints is described by 
H. L. Maxwell.**® The number of coats of white load or zme paints 
making up. a film can only be determined by staining the section 
with mildly alkaline methylene blue. 

There are several papers of interest dealing with the hiding power 
of thinners. B. L. HaUett*” states that the hiding power of a 
pigment is a geometric function of paint film thioteess, and he 
obtained additional confirmation by measurements on panels to 
which paint had been applied at such a rate that the thickness of 
the film and the amount of pigment on the panels varied at a 
constant rate. Tinting-power experiments made by rubbiilg up 
white pigments with lampblack show that hiding and tinting 
^wers are direct measures of each other. 

A. H. Pfund’** finds that within the briglitness range of 75-85%, 
using values of hiding power measured by his cryptometer*®' and 

“■/nd. Enj. Ckem., 1923, 16, 927. 
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Soc. Chim., 1923, 88. 128 ; J., 1923, 278a. 
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the brightness vabiee recorded by his colorimeter/* the ratio of tSi^ 
increase in hiding power to the percentage decrease in brightMUB*’ 
equals S-O for all white paints. At complete hiding a grey paint 
film is far more transparent than a correspond!^ white film. 
Opacity measurements must be used with caution in drawil^ 
conoiosions as to hiding power. ^ 

H. A. Gardner and P. C. Holdt/** using Pfund’s instruments, have 
studied the relations between brightness, opacity, and approach to, 
pure whiteness of pigments and paints. The addition of ultramariner 
to paints containing very bright pigments, which are low in bine 
brightness, decreases their brightness slightly, but makes them far 
more nearly non-selective and increases greatly their hiding poVhT.^ 
The limitations of the obscuring power method of determining the-: 
size of pigment particles are pointed out by E. B. Spear ana*' 
H. A. Endres.** 

The investigations on the properties of plastic flow have been 
continued by E. C. Bingham and H. Green, with collaborators, and 
their results have been criticised by A. de Waele. Abrief summary of 
the results and criticisms are of interest. E. C. Bingham^* concludes 
that suspensions share with emulsoid colloids the properties of 
plasticity at very low concentrations of the disperse phase, and 
distinguishes between true plasticity at high volume concentrations 
and pseudoplasticity at low concentrations, when the yield value- 
concentration relationship is not linear. The transition from the 
pseudoplastic to the plastic state occurs in the case of lithopone and 
linseed oil when the mkture contains 14% of lithoponq, ana when 
the mixture contains 45-6% by volume of lithopone the mobHity is 
zero. In a later paper the results are confirmed, and the effects 
on mobility and yield values of paints produced by long grinding/ 
by alteration in the concentration of the pigment, addition of watra, 
mineral oil dcflocculating agents, etc., were measured and tabulated. 
The yield value of silica-lithopone is independent of the fluidity of 
the oil, but aluminium stearate increases the yield value, as likewise 
moisture (0-3%) with a reduction in mobility by three-quartOTS of 
its value. The same author and collaborators^® state that by 
means of the plastometer it is possible to distinguish betwe® 
colloidal solutions, exhibiting yield value, and true solutions, abo 
between polar (mtrocellulose in acetone) and non-polar (simple.oil. 
p^t) colloidal type. In the polar type rise in temperature redutes 
yield value, whereas in the non-polar type the Jield value is.) 

Ann. Bepta., 1921, 6,338. 

Paint Mmuf. Aaaoc., U.8.A., Circ. 173 J., 1<'23, 463a. 
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unaffected. . H. Green“* states that there are foM factors on which 
the consistency of •paints depends, especially that of flocculation 
in the pigment-vehicle system. Following a discussion on the 
forces of flocculation, its influence on the yield value and mobility, 
together with the great change in paint consistency which can be 
brought about by the presence of a heavy-bodied oil, e.g., p6ppy- 
seed oil, they conclude that it is impossible to produce paints uith 
the same yield value and mobibty, <}ne of which is stringy and the 
other not. The stringiness of paints is attributed to deflocculation 
or increased “ wetting,” resulting from slight oxidation, and it can 
be fully defined in terms of yield value and mobility. A. de Waelo™ 
criticises the work of Bingham and his collaborators as based on 
insecure foundations, in that the curvature of relationship 
between pressure and velocity has been interpreted as slippage. 
He gives a mathematical disproof of the relationship expressing 
Bingham’s law of plastic flow (F—p)/Q=constant. The faiter- 
pretation of the projxirtics of a plastic may be expressed as follows : 
P^=Qf where is a fractional exponent representative of the 
degree of plasticity in the value of l-<p, and f represents a func¬ 
tion of viscosity. 


^-logQ,-4ogQ.= 


—QilcgQa 


Bingham and Green strongly criticise the conclusions m the 
above paper, to which de Waele replies by reference to the work of 
Porst and Moskowitz“* and Herschel and Bergquist,'“* as a 
oonfirmatiou of the statement that the validity of the Bingham- 
Green formula has failed to be substantiated. 

In the investigation concerning the loss and changes of colour 
of pigments when exposed to or protected from fight, A. Eibner*‘“ 
ascribes to the formation of free finolenic acid or its peroxide the 
cause of the yellowing of linseed oil films in moist air protected 
from fight. S. F. Harmer*® has carried out experiments to observe 
the loss of colour in paints illuminated by daylight or electric light 
and the efficiency of various tinted glasses in preventing sucK loss. 
The periods of exposure were 1030 and 1486 days respectively. In 
^neral the results of Abney were confirmed, and it was shown that 
fugitive colours will not fade in a strong fight if protected com¬ 
pletely from oxygen and moisture. It is suggested that a certain 
intensity or quality of lUuminatio*. is required to initiate the 
process of fadfiig. 


>»• Ind. Eng. Chem., 1923, 16. 122 j J., 1923, 277a. 
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M. de KeghePl^oontributes a very interesting article on the uses 
of casein in the paint industry. Considerahl* attention has been 
paid to the investigations on the unsatisfactory value of marine 
anti-fouling and anti-corrosive paints. The experience of U.S. Navy 
research on ship-bottom paints decides ^n favour of a shellac 
varnish paint containing turpentine, pine oil, zinc oxide, and zinc 
dust as an anti-corrosive coating. For anti-fouling composition a 
similar paint containing Indian red and mercuric oxide, instead of 
zinc dust, is recommended. H. A. Gardner*** finds that the anti¬ 
fouling solution referred to above gave very poor results, whereas 
copper compounds were more satisfactory and ester-gum paints 
proved more reliable than those containing shellac. The teste did 
not always indicate a relation between barnacle resistance and 
teredo action, but emphasised the importance of destroying the 
embryos. 

P. E. Bowles'** recommends as anti-corrosive coatings solutions 
of pitches and asphalts incorjioratod with iron oxide pigments; for 
anti-fouling compositions he recommends solutions of resins ground 
with oxides of iron and salts of eopper or mercury. Arsenic is 
useless, except in complex compounds with copper, and mercury is 
best in the form of organic salts, rather than as chloride. 

The summary of these investigations does not indicate success 
in solving what is an important problem. 


Vabnishes. 

Insulating varnishes offer great possibilities of yaiiation in 
quality and behaviour, and unless carefully checked and tested in 
the laboratory are likely to cause trouble and expense, especially if 
each new batch requires some alteration in the factory routine to 
give satisfactory results ; such is the opinion of A. A. Drummond.'** 
He recommends the determination of a number of properties of a 
fluid varnish, e.g., penetrating power, flexibility, heat insulation, 
and resistance to the action of chemicals etc. The requirements of 
insulating varnishes apply to insulating compositions for moulding 
work from ordinary pitch and asbestos to the more efficient products 
with the higher-melting resins, especially the phenol-formaldehyde 
varieties: With such compositions the properties of softening 
point, inflammability, and water absorption must be examined. It 
is now easy to obtain rosins juitablo iof impregnating coils in such 
a condition that the final non-reaotive state can lie attained at 
lower temperatures and at atmospheric pressure with less elaborate 
plant. In the brief and general survey of some of the chemical 

Rev. Produita CMm., July, 1923. 

'** Paint Manuf. Aesoc.. Circ, 137, 1922, and Cire. 176, 1923, 

'“J., 1922,492b. 
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problems connected with electrical industry, attention is drawn to 
the necessity'of makf;i^ use of chemical knowledge in a realm whore 
en^eering has held sole sway. 

The General Electric Company^** has patented an insulating 
composition consisting' of mica, impregnated with an acetone 
solution of a reaction product of glycerin and phthalic anhydtide, 
wrhich after stoving at 300° C. is insoluble in water and linseed oil. 
H. C. Weber**’ points out that the lowering of electric resistance, 
consequent on drying of insulating oil varnishes, is caused by the 
oil acids. 

The application of varnishes by spraying or by brushing is 
considered best as a compromise of the two methods.*** The use 
is recommended of a spray brush, i.e., a hollow brush in the centre 
of which the paint or varnish is delivered under air pressure in the 
form of fine spray or a brush automatically supplied with paint or 
varnish. 

An experimental drying time tester for varnishes has been 
devised by H. A. Gardner,*** consisting of a clock-operated drum, 
vrhich winds on to itself a blank moving-picture film, coated with 
varnish and a strip of tissue paper. The paper strip is brought into 
contact with the varnish film just as it is drawn on to the drum. 
The drying time is measured to the point where the paper ceases to 
adhere or becomes stained by the varnish film. 

J. Scheiber and 0. Nouvel*“ have determined the molecular 
weight of linseed oil in naphthalene or stearic acid and state that 
copals enter into combination with oil, whereas rosin in oil forms a 
true solution. It is difficult to accept the conclusions of these 
experiments, because of the marked difference between the acidity 
values of copals and rosin, which have a strong effect on their 
dispersive powers. It would be of interest to have values of 
ester gums in linseed oil. 

E. 0. Rasser*** considers that tetraline compared with turpentine 
as a thinner is a decided success. The general opinion is that 
tetraline is a good varnish thinner—too good in some respects— 
but its peculiar odour makes it undesirable at present for inUoor 
varnishes. The pink discoloration of white enamel films, in which 
tefealine is a component, is considered by A.Lauffs *“ to be due to 
the piwence of manganese driers. Lithopone containing 0-006% 
of manganese and moistened -with tetraline shows an unmistakable 
^nk colour. Turpentine acts similarty, but is less sensitive. 

“•E.P. 203,232; J., 1923, 1031 A. 

*•'J. Amer. Ohem, Soc., 1923, 44, preprint. 

*** Otrc. 18, N<A. Pamtt Oil Vamuh Aesoc., U.S.A. ; J., 1923, 190a. 

»*• Point Momtf. 4»»oc. V.S.A., Cirt. 167 ; J., 1923, 318a. 

>*• Z. angeui. Chem., 1923, 86, 363; J ., 1923, 841a. 

>“ Ohem-Zat., 1923, 47. 660; J ., 1923, 868a. 

1923, 47, 316; J ., 1923, 809a. 
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In the testing of small quantities of varnishes, H. Wolfi and 
C. Dom*‘’ give directions for the examination of the-solvents in. 
which dispersion and refractive indices form a oasis of a system <4 
grouping. For the comparison of the rate of evaporation of the 
solvents on filter paper xylol is used as standard and the boiling 
point of the solvents can be observed, using a capillary tube., 
J. A. Findley*®* has attempted to develop uniform tests on a 
numerical basis for the relative merits of varnishes. A Eeport of a 
Committee of the American Society for Testing Materials contains 
results of testing varnishes by the kauri test, drying time, and effect 
of hot and cold water on the film. H. Wolff’®® lays stress on the 
great influence of humidity during the applicatiem and drying of 
varnishes on their durability. The effect of light and variation in 
temperature is not nearly so destructive as that of humidity. 
The concensus of opinion is in favour of Wolff’s conclusions. The 
same author wisely maintains the undesirability of giving a guarantee 
with varnishes, owing to unforeseen weather conditions of appli¬ 
cation and use. The durability of the varnish film depends, i»t 
only on the nature of the material, but on the mode of application, 
as well as the preparation of the undercoat. 

The failure of paint and varnish films on exposure to the weather 
is now engaging the attention of the experts on the U.S. Bureau of 
Standards. Some claim that a paint and varnish film should 
contain moisture in order to retain its elasticity, others hold that 
baking varnishes are more durable. It is most probable that for 
durability oxidation is essential and is more easily realised by the 
baking of the film. The experience of the U.S. Fore^. Sorvioe at 
the Forest Products Laboratory, Madison, Wisconsin, on tlM 
protection of wood is of interest, in that a coating of gloss oil and 
alummium powder was superior to enamels, oil paints, and varnishes. 
The superiority of suitable aluminium paints is worthy of con¬ 
sideration. Among other coatings examined, spar-vamish coa^ 
with vaseline was nearly as good as an aluminium leaf process 
with an asphalt paint base, which is classed as the best of the 
list. Cellulose lacquers and white lead oil are much lower in the 
list. 

The problem of the corrosion of metals, ferrous and nonferro®, 
has received considerable attention during the year under review 
and the discussions form part of another report. Beference cm 
only be made to those points in whic\i the question of orgao^ 
coatings arises. U. R. Evans’®® states that protection by mean^ oi 
paints is more efficient than protection by a covering of anotheg 

“• Farben-Zeit., 1922,28, 330 j J., 1923, 62i. 

”* Proc. Amer. Sac. Testing Materials, 1922., L, 479, 376. 

Fatben-Zeiti, 1923,28, 704; J., 1923, 277a. 

»« OU and CM. Tr. J.. 1923, 1681. 
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metal. Corrosion-resisting alloys will not as yet invade classes d 
work in which paints are now used. 

The minutes of the joint conference on corrosion problems 
conducted by the Faraday Society*” are of interest in showing the 
corrosion which an organic coating is called on to prevent. The 
protection of a metal by a thin film of oxide often breaks d«wn ii 
other metals are present,as in the case of alloys; moreover,the thir 
film of oxide is sometimes fragile and requires an organic coating 
to complete the protection. ' 

The much discussed question of oil varnish analysis has received 
attention durii^ the year and evidences of progress in the accepta¬ 
bility of the results is shown, especially in the work of H. WolS.*^* 
The author wisely states that the present-day analysis must satisfy 
the following requirements—the kind of oil, resin, solvent, and 
driers—and emphasises the limitation of the application of th« 
quantitative results. It is difficult to build up a works recipe 
from the percentages of resin, oil, and thinners obtained from a 
quantitative analysis, even if that analysis can be accepted as 
reliable. The modification of the usual methods seems to be in the 
isolation of the free and inorganically combined fatty and resir 
acids. The external appearance of these acids should be noted and 
they may be tested hy known reactions for colophony and foi 
solubility in 85% alcohol, in which a copal gives a turbid solutior 
in certain concentrations. The author considers that the amouni 
of these components affords a valuable figure in judging varnishes 
Later on, the unsaponifiable matter is separated from tie oil and 
resin acids present as esters and anhydrides and the oil acids are 
examined for their refractive indices. The resin acids can be 
determined by Wolff and Scholze’s method.*®* 

H. C. Cofiignier endeavours to separate the oil and rosin com¬ 
ponents of a varnish by ok'dation at 100° C. and the removal oi 
the resin by amyl alcohol, leaving the linoxyn undissolved. The 
author admits that the separation of the oil and resin is not strictly 
quantitative.*®* 

*” See Chem. Age, 1923, 394. 

Farben-ZeU., 1923, 29, 74 ; J., 1923, 1080a. 

J., 1914, 363. 

*** Monifeur de la PeirUare ; Oil and Col. Tr. J., 1923, 465. 
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INDIA-RUBBEK. 

By B. D. W. Luit, F.I.C., 

Research Chemist, North British Rubber Compmy, Ltd., Edinburgh. 


I>trKiNO the past year the trade in manufactured rubber goods, 
other than tyres, has shown a marked improvement over that rf 
1922, but the demand for raw rubber has not yet overtaken the 
supply, and efforts are being made by the planters themselves to 
encourage the manufat'ure of new artieles. 

Statistics. 

The rapid increase in importance of plantation rubber during 
recent years will bo seen from the following figures, showing the 
relative production of wild and plantation rubber at intervals of 
6 years.' 



Plantation. 

Wild. 


Year. 


Brazil. 

Rost. 

Total. 


Tons. 

'i’ons. 

Tons. 

Tons. 

1907 .. 

1,000 . 

. 38,000 

30,000 . 

09,000 

1912 .. 

28,518 . 

42,410 

28,000 . 

98,928 

1917 .. 

213,070 . 

. 39,370 

13,258 . 

205,698 

1922 .. 

354,980 . 

. 21,755 

3,205 . 

379,940 


The country of origin of the plantation robber is indicated by 
the following figures, which, however, are subject to certain modi¬ 
fications ; for example, the amount exported from Malaya includes 
rubber originally imported from countries not mentioned in the 
returns. * 

Exports of PlaMatitm Buiber, 1922. 


Tons. 

British Mnlaya . .. .. 248,168 

Java. 31,658 

Sumatra (E. Coast only). 40,552 

Coylon . 47,387 


367,836 

Deduct for transhipment etc. 12,665 


" Not total .. .. 354jm 

The quantities of rubber absorbed by the leading consuming 
countries may be gathered from the statistics showing the amount 
retained during a period of three years. 


United States 

1930. 

248,791 

Tons. 

• 1921. 

179,647 

1922. 

296,267 

United Kingdom .. 

56,972 

42,116 

11,164 

France 

16,606 

14,701 

27,660 

Germany .. 

13,400 

22,428 

27,661 

9’,363 

Canada 

11,300 

8,2u9 

Japan 

6,600 

23,164 

16,681 

6,500 

Italy 

6,300 

4,000 

' “ The World’s Rubber Pceition,’ 

• 

Bickinson, London. 
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A proper appreciation of the actual consumption of the smaller 
consumers can be obtained only by taking into account the visible 
stooksjit the begimfing and end of the period. For example, stocks 
in warehouses in the United Kingdom increased by no less than 
24,682 tons over the period indicated, so that the actual consump¬ 
tion would be considerably less than the amount of rubberretaAned. 

By far the greater proportion of the rubber produced is utilized 
fc the manufacture of tyres, as may be gathered from the fact 
that in America 83% of the rubber imported is absorbed by the 
automobile industry.* 

Beference was made in the last report* to the application of the 
Stevenson scheme for restricting the production of rubber in 
British Malaya and Ceylon. The effect of the scheme is reflected 
in the fact that the export of rubber from Malaya for the first 10 
months of this year amounted to 136,905 tons, as compared with 
182,363 tons during the corresponding period of 1922.* 

The price of rubber increased steadily from the time of the 
introduction of the scheme, and for the quarter ending April 30, 
1923, the average price was between Is. 3d. and Is. 6d. per lb. 
Owing to this price being maintained for three months, the per¬ 
centage of standard production allowed for export was increased 
from 60% to 65% for the next quarter, in accordance with the 
( provisions of the scheme. The exportable allowance was, how¬ 
ler, reduced to 60% for the quarter beginning August 1st, and 
has remained at that figure since that date. 

According to the report of the Rubber Controller for Malaya®, 
the total exportable allowance for the period November, 1922, to 
July, 1923, was 126,413 tons, corresponding to 60% of standard 
, production from November, 1922, to April, 1923, and 65% from 
',May tp July, 1923, inclusive. 

These figures are based on a standard production for the re¬ 
striction area of 274,000 tons per annum. During this period of 
nine months the net exports amounted to 115,306 tons, this figure 
representing the total exported, less re-exports of rubber produced 
5 outside Malaya, and stocks in hand at the inception of the scheme. 

The enforced restriction of the production of rubber has led to 
ccnsiderable apprehension on the part of American manufacturers, 
with the result that in some quarters the cultivation of rubber in 
the 'Philippine Islands has been advocated. This proposal has 
fieen made previously, and there are a |ew small plantations already 
in existence.® Plans for the extensive cultivation of rubber in the 
Philippines have not met with unanimous approval. The question 

* Bull. Bubbera Qrowtra' Aaaoc., 1923, 5, 79. 

‘Aim. Bepta., 1922, 7, 309. 

* India Bubber J., 1923, 66, 801. 

.‘Bull. Bubber Ontbera’ Aaaoo., 1923, 5, 081. 

* Cf. Pearaon, India Bubber World, 1917, 67, 3. 
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of rendering America independent of British and Dutch supplies df 
rubber has now been taken up by the United States Government, 
who have appointed a commission under the direction of Dr.- 
Whitford, with the object of making a survey of the rubber-pro¬ 
ducing areas in Mexico, Brazil, and the Philippines.’ 


Rubber Latex. 


The treatment of latex in countries outside the rubber growing 
areas* appears to be rapidly progressing beyond the experimental 
stage, and the fact that large quantities of latex are now being 
dealt with by manufacturers will be evident from a consideration of 
the following figures representing the amount exported from* the 
countries specified during 1922 and 1923.® 


Country* of siapraent. 


Malaya . 
Oeylon . 
Biunatra 


Gallons of latox exported. 
1922. 1923. 

(Jan.-Sept.) 
40,061 (o) .. 72,728 

1,977 (6) .. 11,413 

228,324 .. 2,021.441 


Total 


270,362 


2,105,682 


(a) Seven months only; (6) Two months only. 

The quantity exported up to the end of September, 1923, reprev" 
sents approximately 3390 tons of dry rubber, or a little more than 
1% of the total plantation shipments of rubber for that period. It 
should be noted, however, that during September alone there was 
exported from Sumatra 960,000 gallons, equal to approximate^ 
1480 tons of dry rubber, or about 4}% of the total amount of rubber 
shipped from all countries in that month. The export of such 
large quantities of latex from Sumatra may be traced to the fact 
that in the island are situated plantations owned by companies 
associated with the United States Rubber Company, holders of the 
patent rights of the Hopkinson process for spraying latex.'* 

WJiile it is probable that the bulk of the exported latex is 
desiccated by a spraying process and the dry rubber utilised in the' 
normal manner, it is possible that a proportion is being app&ji 
directly, as, for example, in the proofing of textiles in place ofi' 
rubber dough made with the aid of an organic solvent." 

The interest aroused in proposals of tjus character is reflected i^ 
numerous communications coSoeming the preservation and transport* 
of latex. Coagulation during shipment is usually prevented'1^-' 


^ EvU. Ritbber Qroweri Aaaoc., 1923, 5, 61-3. 

* Ann. RepU.t 1922, 7, 310. 

* BtiU. Rubber Grwera' Aawc., 1923, 5, 590. 

Repi»., 1922, 7,312. 

311 . 
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adding ammonia, and results of experiments carried out by 0. de 
Vries, N. Bj Nieuwland, and B. Riebl'* show that under favourable 
conditions the adclition of 15 c.c. of aqueous ammonia (sp. gr. 
0-9327) per litre of latex, giving a concentration of approximately 
0-26% NHj, is usually,, sufficient; a margin of safety should, how¬ 
ever, be allowed, and this may be secured by adding 20 c,f. per 
litre. For the determination of ammonia in latex, titration with 
acid, using methyl red as indicator, is recommended. On keeping, 
the alkalinity, as determined in this manner, decreases slightly, 
and a sediment is deposited which contains crystals of ammonium 
magnesium phosphate together with rubber globules. The authors 
note certain points of difference between the coagulation of fresh 
and preserved latex. On the addition of acid to fresh latex, and 
also to freshly ammoniated latex, a compact clot is not formed 
until after the lapse of some time after the acid has been stirred in ; 
with ammoniated latex which has been kept for a month or more 
the clot forms almost immediately. Similar observations have been 
made by H. P. Stevens,^® who notes that preserved latex is usually 
more mobile*^ and does not adhere to the walls of the containing 
vessel in the same way as does fresh latex. Coagulation does not 
take place cleanly, and in some cases a partial coagulation sets in 
even before the ammonia present as preservative is completely 
neutralised. Latex preserved with caustic soda usually requires 
less acid than that preserved with ammonia, and coagulation often 
occurs instantaneously with the addition of acid of 0-5% 
concentration. 

Preserved latex may be coagulated by adding inert powders in a 
fine state of division, such as colloidal clay or carbon black. Accord¬ 
ing to C. C. Loomis and H. E. Stump,®® however, many compounding 
ingredients, such as clay, whiting, talc, may, if previously wetted, 
be added to latex in very high proportions, without causing coagu¬ 
lation, although zinc oxide and carbon black both result in coagula¬ 
tion even when small proportions are added. The coagulating effect 
of added fillers may be due to absorption of water which causes 
local concentration of the latex, or to the presence of a positive 
charge on the particles of filler neutralising the negative charge on 
the rubber particles, or by the material being sufficiently soluble to 
yield a solution which acts as a coagulant. 

The tendency exhibited by preserved latex to “ cream ” has been 
.commented on by H. P. Stevens,®* qnd it may be noted that the 
“ cream ” whlbh collects on the surface of the latex is quite thick, 

“ Oomm. Central Bvbber Station, Buitmzorg, 1923, No. 33 ; J., 1923, 731a. 

Bull. Rubber Qrowere’ Aaaoc., 1923, S, 611; «!., 1923, 1082a. 

®* Of. 0. de Vries, Comm, Central Rubber Station, Buiteamrg, 1923, No. 38. 

Cbem. and MOt.-Eng., 1923, 29, 640 ; J., 1923, 1082a. 

®* Bull. Rubber Bromra' Aaaoc,, 1923, S, 216. 
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but on shaking with water re-forms an emulsion having the pro¬ 
perties of normaf latex.” Attempts were made to .induce the 
formation of “ cream ” by treatment in an ordiriary milk separator, 
but it was found that, as a general rule, instead of a “ cream ” being 
formed, coagulation occurred. The tendency to coagulate is less 
apparent in ammonia-preserved latex than m that preserved with 
the aid of caustic soda and coal-tar derivatives. 

The possibility of forming a “ cream ” in latex is important in 
connexion with the question of transportation, for, if this could be 
achieved and the cream separated, a concentrated latex would 
result. The cost of transport of the rubber in this form would 
therefore be considerabij reduced, and the latex could be subse¬ 
quently treated either in this condition or after diluting with w^ter. 
Experiments on the concentration of latex have been carried out 
by C. C. Loomis and H. E. Stump,'* who state that this may be 
effected in vacuo after adding a trace of sodium carbonate or 
caustic soda, but there are objections to this procedure, among 
these being the fact that there is a tendency for a skin of rubber 
to form on the surface during evaporation. 

The use of a centrifugal was found to give promising results, as a 
“ cream ” having a rubber content of 76% was obtained by means 
of a laboratory t 3 rpe of super-centrifugal running at 30,000 r.p.m. 
Trials on a large-sized machine running at 16,000 r.p.m. gave less 
satisfactory results, as latex with an initial concentration of 36% 
rubber gave a “ cream ” containing only 43-8% rubber, the weaker 
liquid still containing 31-9%. Diluting the latex gave a more con¬ 
centrated “ cream,” but even in this case a very great proportion 
of the rubber remained in the dilute fraction. It was loundf how¬ 
ever, that the quality of the rubber in the two fractions differed 
very considerably; the concentrated portion of the latex gave a 
rubber possessing very good physical properties, whereas the 
dilute portion of the latex gave on coagulation a rubber possessing 
little strength. It is suggested that advantage may be taken of 
this fact in preparing rubber having special properties. 

Foi the determination of rubber in latex H. P. Stevens'* concludes 
that the method previously recommended, consisting in evaporating 
and weighing the total solids** is not satisfactory, as the amount ^ 
non-rubber substances soluble in water varies considerably in 
different lots of latex. It is suggested that the best method would 
be to coagulate the latex,pre^rablywith theaid of dilute sulphuric 
acid, and to convert the rubber to crepe on a small experimental 
washing mill. In oases where acid does not effect a clean coagula- 

*' CJ. de Vries, Nieuwland, and Riebl, foe. cU. 

'* Chxm. and Mel. Eng., 1923, 29, 1S4 ; J., 1923, 940a. 

'* BuU. Bobber Growers’ Aseoc.^ 1923, S, 59 ; J., 1923, 236a. 

** Arm. Bepta., 1923, 7, 312. 
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tion, this may be completed by adding alcohol. After washing, the 
rubber is dried at a temperature of 70° C. and weighed. 

Paper made by Wding latex to the pulp®^ is now frequently met 
with, and certain periodicals are regularly printed on latex-con¬ 
taining paper. 

As a residt of tests carried out at 70° 0., H.P.Stevens^ state?i that, 
as evidenced by the bursting tests, the presence of latex in paper 
is almost entirely without influence on the ageing properties. 

The effect of incorporating lates-is, however, evident when the 
paper is submitted to the folding test. Latex paper undergoes very 
little change on ageing, whereas similar paper not containing 
latex shows a much lower folding number at the end of the ageing 
period. 

In connexion with the use of latex, an interesting pamphlet^ 
has been issued by the Rubber Growers’ Association, dealing with 
the preservatives to be employed, the types of containers recom¬ 
mended, and with the relative cost of latex as against crepe or 
sheet rubber. It is recommended that for satisfactory shipping, 
6 oz. of 0-880 ammonia be added per gallon of undiluted latex, 
giving a concentration of approximately 1-3% NH,. 

There has also appeared a comprehensive paper by A. Van 
Rossem** dealing with the industrial applications of latex. 

Prbpabation of Raw RtrBBEB. 

f Although the agent almost universally employed on the planta¬ 
tion for coagulating is acetic acid, there are some estates on which 
sulphuric a-id is regularly in use, and H. P. Stevens^® has drawn 
attention to the danger of producing a slow-curing rubber which is 
thus incurred. Results of the author’s previous work are quoted 
wiioh clearly show that even with minimal proportions of sulphuric 
acid the rubber produced possesses a low rate of cure, as compared 
with that obtained with the aid of acetic acid; the disparity is 
much more marked when acids are added to the same extent in 
excess of the minimal proportions. 

In some cases the acetic acid delivered to estates in barrels fi of a 
dark brown colour due to the presence of traces of paraffin from the 
Birrels. According to W. Spoon** the proportions in which it 
usually occurs are such that the properties of the rubber are in no 
way kffected. 
rt 

« Am. Beplt., 1922. 7, 310. ' 

“ Bug. Rubber Oroieere' Amoc., 1923, 5, 658. 

II“The Preservation and Shipment of Latex,” Eubber Growers’. 
Association, London. 

"Chem. Weekhlad, 1923, 20, 126. 

BttB. Rubber Qrimere’ Aeeoc,, 1923, 6, 247. , 

‘'Comm. Centra! Rubber Station, Buitemorg, 1923, No. 32, 1; 1923^4 

7t3a. 
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It is known that in the preparation of rubber on the plahtafkal' 
variations in thw rate of (hying of the ooagulum may occur, and 
0. de Vries,after reviewing the available jiata, has described 
further experiments indicating the extent to which this may be 
influenced by the method of preparation. The rate of drying is 
increased by keeping the freshly rolled eoa^lum in dilute formalin, 
or in 10% acetic acid. Drying is retarded by previous soaking in 
water, or by treatment with boiling water and keeping in the 
sterile water; similarly, keeping in 1% acetic acid, 6% sodium 
bisulphite or sulphite, or 1 % eaustic soda was found to decrease the 
rate of drying. Although coagulum from very dilute latex may 
dry quickly, soaking n water tends to retard drying. Micro¬ 
organisms do not contribute to the slow drying effect, neithepdoes 
the hygroscopioity of the rubber, which merely influences the 
moisture content of the air-dry rubber. Slow drying is thought to 
be due not to the formation of an impervious surface layer on the 
coagulum but to an alteration in the structure of the whole mass. 

The question of preventing mould formation on smoked sheet®' 
still continues to claim attention, and further information proving 
the effectiveness of sodium silicofluoride as a preventative" has 
been furnished by J. Edwardes" and H. P. Stevens.®*,®* The 
best results are obtained by coagulating with sodium silico- 
fluorido and then soaking the rolled coagulum in a solution of 
the salt. 

Compared with coagulation with acetic acid, the use of sodium^ 
silicofluoride results in a slight retardation of the vulcanisation, 
and a further retardation is caused by the soaking of the sheet after 
coagulation. It is stated that even with increasing proportions of 
the sodium silicofluoride this effect is not sufficiently marked to 
constitute a disadvantage in pure or compounded mixings. The 
ageing properties of the vulcanised rubber are not affected 
harmfully.®® 

Not only the sodium salt, but lead, zinc, and magnesium salts 
of hydrofluosilicic acid, and even the acid itself, have been found 
to possess the property of preventing mould formation.®* Moreover, 
sodium, ammonium, or potassium bifluorides have been found to act 
in the same manner. The use of sodium silicofluoride is, in ^le 
meantime, not being recommended until tests which are now being 

Comm. Central Rubber Station, Buitemorg, No. 32, 7 ; J., 1923, 732a,^ 
“ Ann. Bepte., 1922, 7, 31*. ’ 

” Ibid., 1923, 7, 313. 

“ Bail. Rubber Qromra' Aasoe., 1923, 5, 21. 

” Ibid., 1923, 5, 296; J., 1923, 697a. 

» lUd., 1923, 5, 114, 383 ; J., 1923, 898a. 

“ aid., 1922,31, 691, 662 ■, J., 1923, 63a, 107a. 

H. P. Stevens, BuU. Rubber Orowers’ Aeeoe., 1923, S> 170, 382 (.-■J' 
A223, 4^, 898a. 
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made by three rubber manuiacturers in this country are com¬ 
pleted.*® 

While the developnlent of mould may give rise to slight differences 
in the rate of cure in simple rubber-sulphur minings, such differences 
may be accentuated, as H. P. Stevens has shown,*® when the rubber 
is compounded with litharge. The same author has brought for¬ 
ward additional evidence of this in the case of samples of rubber 
exposed to rainfall and allowed to remain in a wet condition for 
fifteen days.*’ Rubber coagulated with acetic acid and smoked was 
tested together with rubber coagulated with sodium silioofluoride 
and then soaked in a concentrated solution of the same salt before 
smoking. In a rubber-sulphur mixing little difference in the rate of 
cure was noticed, the acetic acid sample which had become covered 
with mould curing a little more rapidly than the sample coagulated 
with sodium silicofluoride which was free from mould. In a litharge 
mixing, however, the order was reversed, the sample coagulated 
with acetic acid requiring approximately twice as long for 
vulcanisation. 

Since the advent of rubber planting on an extensive scale, the 
preparation of the rubber from latex has been accomplished almost 
exclusively by coagulating with acid. 

From time to time there have been devised processes based on 
the evaporation of latex, as an example of which may be cited the 
Kerbosch method, in which the latex is delivered on to the interior 
surface of a heated revolving drum. These have not met with 
success on a commercial scale, chiefly on account of the low output 
from a unit plant, and also to some extent owing to the difficulties 
encountered in removing the film of rubber in a suitable form. 

A good deal of interest has, therefore, been aroused by the 
Hopkinson process in which this principle is embodied, the rubber 
being obtained from latex by spraying into a chamber through 
which heated gases are led.** 

The latex is evaporated and the rubber therefore contains all 
the solids originally present, and not, as in the case of coagulated 
rubber, only those which are insoluble in water. The evaporation 
piwceeds rapidly and the rubber is obtained in a form which is con¬ 
venient for handling. The product obtained in this way is referred 
to as L.S. (i.e., latex sprayed) rubber. 

In this connexion it is interesting to note that in 1911 W. Esch** 
suggested such a method and published a sketch of an apparatus 

Bull. Timber Growers* Asaoc., 1923, 6, 525. 

Jftid., 1922, 4, 520 ; J., 1922, 989a. 

”Ibid., 1923, 6, 341 j J., 1923, 788a. 

•* Ann. Kepis., 1922, 7, 312. 

•’ Qwtmi Markt, July, 1911 ; Bull. Rul>ber Growers* Assoc., 1923,5,699.> 
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suitable for the purpose, smoke being introduced together with the 
air employed forVtomising the latex. 

In recent years liquids such as milk have'been desiccated by 
spraying into a hot atmosphere, and various types of atomisers 
have been devised.** t 

In the Hopkinson method the latex, contained in a vessel pro¬ 
vided with a stirrer, is delivered on toarapidlyrotating disc situated 
at the top of a chamber through which hot gases, as, for example, 
flue gases, are passed. The ii;bber formed by evaporation of the 
latex falls to the floor of the chamber as a spongy mass which, for 
purposes of transport, may be compressed into a compact block." 

The specific claim covered by the Hopkinson patent is a crude 
rubber or rubber substance obtained by evaporating latex or a 
porous or spongy mass of particles of rubber formed by removing 
moisture from latcf, such dried rubber containing substantially all 
the solid contents of the original latex. The rubber may, if desired, 
be mixed with a vulcanising agent or a compounding ingredient. 

The proposal has given rise to a considerable amount of dis¬ 
cussion as to the merits and demerits of rubber containing all the 
serum substances, .sometimes referred to as “ whole ” rubber. 

0. de Vries" points out that rubber prepared by the Kerbosch 
process is generally hygroscopic and, owing to the high content of 
serum substances, liable to become mouldy. The rate of cure is, 
generally high and the tensile strength approximately the same as, 
but sometimes lower than, that prepared by a process of coagula¬ 
tion. The rubber crumbles on the mill and does not become plastic 
so readily as does normally prepared rubber; consequently, the 
power consumed in the milling operations is high. The rubber does 
not preserve its original properties on keeping so well as does 
ordinary plantation rubber, becoming tacky and weak in the 
course of four or five years, and showing signs of deterioration in a 
much shorter period. 

The properties of rubber prepared by a spraying process have 
been examined by H. P. Stevens, whose results are substantially 
in fgreement with those obtained with Kerbosch evaporated 
rubber. For example, the sprayed rubber has been shown to be 
resistant to milling; in an experiment on a factory scale it was 
found that whereas a normal sample of plantation sheet required 
20 minutes for mastication, Hopkinson sprayed rubber required 
40 minutes under the same conditions of temperature, size of 
batch, etc. Compounding ingredients exhibit a givater tendency 
to cake when being added, and, moreover, the rubber is prone to 
adhere to the back roller during milling. Even after thorough 

• 

* 

" E.q., R. Stauf, E.P. 14,724 of 1900 : G. A. Krause, E.P. 22,607 of 1913. 

“ Indio Je«66er J., 1923, 86, 89. 

“ Indio EiMm 3., 1923, 68.101 ; J., 1923, 842a. 
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nulBng, the plasticity of the rubber appears tc be unsatirfaotory, 
sinoe joins or overlaps in wrapped goo^ are not eliminated during 
vulcanisation but ate apparent in the vulcanised sample.*® 
Hopkinson sprayed rubber generally vulcanises faster than nor¬ 
mally prepared smoked sheet or crepe, and H. P. Stevens has 
shown** that exhaustive extraction with water for a period of 
three weeks results in a lowering of the rate of cure. A particular 
sample washed in this way lost weight to the extent of 9'9%,butin 
an experiment*® in which the extraction was not so prolonged, 
lasting only a few days, the rate of cure was nob afEected. In this 
case, however, the amount removed was 7-5%, so that 2 4% of 
water-soluble matter still remained in the rubber. It is worthy of 
note that the additional serum substances present in evaporated 
rubber do not increase the activity of litharge.** 

H. P. Stevens*’ has shown that the tensile strength after vul¬ 
canisation is generally lower in the case of evaporated rubber, 
including that obtained by spraying, although in one instance 
values slightly higher than the normal were obtained.*® The 
retained serum solids are said to act merely as diluents and 
softeners, and consequently rubber vulcanised to give a standard 
extensibility will generally be found to be over-cured. Extraction 
of the water-soluble constituents before vulcanising results in the 
production of vulcanisates with improved tensile properties.*® 
Thus, it will be seen that the production of rubber by an 
evaporative process, such as spraying, will possess certain advan¬ 
tages as, for example, the increased yield of rubber, such increase 
being due to the inclusion with the rubber of certain substances 
which may have a detrimental effect on the tensile properties. The 
increase in yield of rubber obtained from different samples of latex 
by evaporation over that obtained by coagulation was found by 
H. P. Stevens to vary from 8 to 17%.®* 

A further claim on behalf of the adoption of the spraying process 
Is that compounding ii^edients may be added to the latex by the 
manufacturer, and it has been assumed that this will lead to a 
decrease in power consumption owing to the reduction of the period 
of milling necessary for the introduction of compounding ingredients 
tto'Ordinary coagulated rubber. If, however, as has been indicated 
above, the rubber itself requires longer mastication, it would seem 
that the advantage to be gained on this ground is problematical. 

« 

»BuU. Bubbir Growers’ Assoc., 1923, 5,'446, 609 ; J., 1923, 988a, 1082a. 

*• Ibid., 168 j J., 1923, 464a. 

« Ibid., 660; Abs., 1924, B, 24. 

*• H. P. Stevens, ibid., 226 ; J., 1923, 666a, 

" Ibid., 41 i J., 1923, 236a. 

** Ibid., 224 i J., 1923, 885a. 

"Ibid., 661; Aiw. U24, B, 24. 

» Ibid., at /., 1623,236a. 
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Incorporation of compounding ingredients would doubtless be 
best accomplished by manufacturers who wer^ prepared to instal 
the spraying apparatus in their works and add the necessary 
compounding ingredients to latex imported for the purpose. 
According to H. P. Stevens® there is no rdkson why compounding 
ingredients should not be added to latex prior to coagulation in the 
ordinary manner, as practised on the plantations, although it is 
doubtful whether manufacturers would be prepared to purchase 
rubber already compounded m this manner. • 

The comparatively high power consumption of sprayed rubber 
during milling is coafirii-ed by E. Hopkinson,® who states that the 
difference in its behaviour from that of ordinary coagulated rdbber 
is not so marked m the material now being produced in bulk as in 
that obtained durinv the earlier experimental trials. Figures quoted 
by Hopkinson indicate a markedly superior tensile strength for 
sprayed rubber as compared with plantation or fine hard Para when 
vulcanised with 10% of sulphur at 141° C. The ageing properties 
of the vulcanisates are shown to be of a very high order, and this is 
particularly evident when comparing over-cured samples. 


Chemical Properties and Constithtion. 


From the results of analyses of specially pm-ifled samples of* 
rubber, which have been carried out from time to time, the empi¬ 
rical formula CjH,has been assigned to the caoutchouc hydrocarbon, 
and at present this finds almost universal acceptance. 

Recently, however, F. Kirohhof“ has sought to show that the- 
empirical formula of the caoutchouc hydrocarbon present in Para 
rubber is CijHi,, the molecular formula being C joHj,. The approxi¬ 
mation of previous analyses to this formula will be seen by com¬ 
paring the figures obtained by C. Harries®* with those calculated 
for CiqHjj and CmHi, respectively, 


C H 

.. .. 88i6% .. n-85% 

., .. 87-Sl .. ]2-49 

Harries .. .. 87’85 .. 12-28 


It will be observed that the figures obtained by Harries are. 
almost intermediate between those calculated for the two em}nrical 
formute. . ,,' 

Kirohhof proposes an bpen-chain spiral stracture for the; 
caoutchouc hydrocarbon, 


“ H. P. Stevens, ibid., 1923, 5, 48. 

» Ind. Bng. Ohem., 1923,15, 1297. 

“ Oetterr. Ohem.-Zeit., 1922, 85,143,160; J., 1923, 23a. 

“ “ Untersuohungen fiber die nstnrlichen und kfinstlichen Kaotmheli- 
jBteii” Berlin, 1919, p. 7. 



358 


KEPOKTS OF THEVnOGBESg OF APPLIED CHEMISTRY, 


CHj • C(C;Hj) : CH • CHj 

• C(CH 3 ) ; CH ■ CH. 

CH.-1-CH : C(CH,)—(!h, 

(in,* • CH ; 0(CH3) • CH, 

which has some points of similarity to that propounded by P. 
Barrow’® some time back. Kirchhof assumes that the caoutchouc 
present in Para rubber differs ehdlnically from that present in 
other grades, such as Congo rubber, which he supposes to contain 
a hydrocarbon There is no doubt that the empirical 

formula C 5 H, has been accepted hitherto without (Question chiefly 
on account of the supposed identity of the product of polymerisa¬ 
tion of isoprenc with natural caoutchouc. The fact that analyses 
are sometimes obtained which are not strictly in accordance with 
the generally accepted formula has usually been attributed to the 
presence of traces of accessory substances retained even after a 
process of purification. 

In an important paper, E. Puinmerer and P. A. Burkard’® 
have dealt with the question of the empirical formula, and their 
evidence is in supjiort of the CjIIj ratio. The rubber they employed 
was purified by the method of Harries, but the precaution was 
• taken to carry out the operations in an atmosphere of carbon 
dioxide so as to prevent oxidation taking place. Analysis gave 
C = 87-96%, H = 11-82%, which is in fairly cloise agreement with 
the calculated proportions. Further evidence in support of the 
CjHg ratio was afforded by the results they obtained on hydro- 
genatihg purified caoutchouc. Staudinger and Fritschi,®’ who 
also succeeded in hydrogenating caoutchouc, employed tem¬ 
peratures as high as 270° C., under which conditions caoutchouc 
itself is not stable. Pummerer and Burkard, however, succeeded 
in effecting hydrogenation at comparatively low temperatures. 
The purified rubber was dissolved in hexahydrotoluene, platinum 
black being employed as a catalyst. The best results were obtained 
by working with dilute solutions ( 0 - 2 - 0 - 6 %) at temperaturfes of 
70°-80° C., when absorption of hydrogen took place, and was 
cSmpletc in 3 hours ; with solutions of 1 % concentration absorp¬ 
tion of hydrogen was not complete. The absorption of hydrogen 
was determined volumetrically, and in all oases the amount taken 
up corresponded very closely with that theoretically required for 
the addition of two atoms of hydrogen for each CjHg. The hydro- 
caoutchouc was obtained by precipitating the platinum black 
with tjie aid of kaolin and, after separating the clear supernatant 

“Indio Bvbbef J„ 1911, 41, 1364. 

»• Her., 1922, 65, 3458 i J.. 1923, 23a. 

" Atm. Bepta., 1922, 7, 316. 
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liquor, evaporating this to dryness in absence of oxygen, when a 
transparent elastic film was obtained, giving on ailalysis figures 
corresponding with the empirical formula CHj, i.e., CsH,,. 

It is of interest to note that this hydrocaoutchouo is readily 
oxidised on exposure to air with the reproduction of a hydrocarbon 
C -,iFg closely akin to the original caoutchouc ; this indicates that 
the added hydrogen atoms are in a loose state of combination 
compared with the remainder. 

Pummerer and Burkard conclude that the structure of the 
caoutchouc molecule is represented either by a ring or by an 
extremely long open chain, in which case the formula CsjHjj 
approximates to * 

From a consioeration of the work of previous investigators 
and as a result of further experiments carried out by himself and 
his collaborators, M. C. Boswell®* has propounded a constitutional 
formula for caoutchouc which differs entirely from any which has 
been hitherto put forward. According to Boswell, none of the 
previous forniulse has explained the formation of terpenic com¬ 
pounds such as dipentene, on destructive distillation, and dinitro- 
hydrocumic acid on treatment with nitric acid.*® The proposed 
structural formula is as follows :— 


^CH,-CH~ 


/ 

CKj 

OlCHj)- 


CH- 

CH,. 


\ 

CHj 

CHj 
CH — 


-C(CH3)-CH, 
CH. CH. 


CH- 

CHj 

-C(CH,) 


-C(CH,) 


-C(CH,)-CHyCHj-CH-C(CH,) 


-CHj 


An examination will show that this is made up of six isoprene 
residues, giving a formula C 30 H 4 J for the caoutchouc molecule. 
Decomposition might be expected to yield, among other sub¬ 
stances, dipentene, although not more than one molecular pfo- 
portion, or 33^% by weight of the whole. One dimethyl-cyclo- 
octadiene residue is present which would explain the formation of 
the ozonide, assuming thaj; fission of the system took place at 
ordinary temperatures in presence of ozone. The proportion of 
ozonide formed would thus be comparatively small, and Boswell 

points out that this is in agreement with the results of Olivier, “ 

* • 
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who was unable to obtain yields of ozonide corosponding to the 
conversion of the '!uhole of the caoutchouc taken, such as would 
be expected from a compound of the structure usually assigned 
to caoutchouc, that is, a single ring composed of isoprene nuclei 
linked together directly. 

The unsaturated nature of caoutchouc is not, however, indicated 
in the formula, and Boswell assumes that the action of bromine, 
for example, is first of all to effect depolymerisation ot the molecule, 
addition of bromine then taking place. 

The experiments of Pummerer and Burkard on the hydrogena¬ 
tion of caoutchouc have emphasised the unsaturated character of 
the molecule, and it is difficult to understand how a structure 
such as that represented by Boswell is to split up into unsaturated 
units capable of forming addition compounds of high molecular 
weight such as the derivatives of caoutchouc undoubtedly are. 

■ One would further expect to obtain a variety of compounds by 
different treatments. Destructive distillation, for example, should 
furnish a much wider range of products than are obtained 
from rubber, and similarly on bromination one would expect 
. to obtain a mixture containing substances of comparatively 
simple structure. 

• The action of chlorine on caoutchouc has been investigated 
by J. McGavack,® who has sought to determine the extent to 
which substitution and addition take place simultaneously. 
Previous workers have found that while the reaction with bromine 
may be controlled so as to avoid substitution, during the reaction 
with chlorine substitution takes place with evolution of hydro¬ 
gen chloride and a comparatively highly chlorinated substance is 
formed, even in an ice-cooled benzene solution. Hinrichsen, 
Meihmler, and Kindscher® obtained a compound CijHjjCle, indi¬ 
cating the addition of 4 atoms of chlorine and the substitution 
d. three further atoms for each Ci^i, residue. McGavack’s 
results indicated that in the earlier part of the reaction substitu¬ 
tion occurred almost exclusively, but that as the reaction "pro¬ 
ceeded, addition of chlorine began to take place, the proportion of 
h;^irogen chloride formed being thus reduced. 

Iodine has been frequently stated to be without action on 
caoutchouc, although in presence of air an oxygenated compound 
containing iodipe was obtained by Schwartz and Kempff.® M. C. 
Boswell, R. R. McLaughlin, and R. R. Parker®* have obtained a 
somewhat similar product from the interaction in the cold for two 
• 

t!ng. Chem., 1923,16, 961; J., 1923, 1033a. 

, “Ber.,. 1913, 48, 1283. 

“ Ber., 1913, 46, 1287. 
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weeks of iodine, •hydrogen peroxide, and caoutchouc in carbon 
tetrachloride solution. By extracting the resjption product with 
ethyl acetate a hrowrash yellow powder was obtained, the analysis 
of which corresponded to the composition CjsHjqOjI. 

Tl^ same authors have also investigated’the action of oxidising 
agents, including atmospheric oxygen. Thin sheets of resin-free 
rubber were exposed to the air in direct sunlight for three months, 
at the end of which time approximately 30y„ of the rubber was 
converted into acetone-soluble substances. A proportion of the 
oxidation product was soluble in carbon disulphide, and after - 
purification gave, on ani^iysis, figures corresponding to the formula 
CiqHijO. It is interesting to note that Pummerer and BurkESTd*® 
by determining the volume of oxygen absorbed by a solution of 
rubber in hexahydr.otoluene, either in presence or absence of 
platinum black, found that oxygen was taken up in proportion 
corresponding with the formation of a compound of this formula. 
The compound insoluble in carbon bisulphide, without further 
purification, gave on analysis figures agreeing with the composition 
^25^4009. 

The action of hydrogen peroxide on rubber was also studied by 
shaking a solution of rubber in carbon tetrachloride with a 3% 
solution of hydrogen peroxide for one week, at ordinary tem- . 
peratures. The aqueous portion of the reaction mixture gave on 
evaporation a sticky mass which absorbed oxygen rapidly, but 
this was not fully investigarted. The carbon tetrachloride solution 
gave a transparent bright yellow substance, partially soluble in 
ether, from which solution there was obtained by further purifica¬ 
tion a substance of the composition CjjHjgO, which, on exposure 
to air, absorbed oxygen with formation of a compound CjjHjujOj, 
thus indicating the simultaneous elimination of an isoprene 
nucleus CgH,. 

M. C. Boswell and A. Hambleton" also investigated the action 
of an aqueous solution of potassium permanganate on rubber 
dissolved in carbon tetrachloride, but it was difficult to isolate 
from the reaction mixture a substance having a constant compoa- 
tion, although the analyses were in fair agreement with t8e 
empirical formula CjjHjuO. This substance on standing in the air 
at ordinary temperatures rapidly took up oxygen with formation 
of a compound C 95 HjoOj. , * 

The destructive distillation of rubber has long been known to' 
result in the formation of a liquid containing a high proportion oj(, 
dipentene, and, indeed, the distillation of rubber for the production 
of commercially valuable solvents was practised in the early part 

Xoc. cit. 
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of last century. A. Van Rossem and P. Dekker®’ have examined 
the products of dry distillation of scrap robber, which were found 
to yield .50% of abaction boiling below 200“ C. It is suggested 
that this might be useful as a substitute for turpentine, and in this 
way scrap rubber produced on plantations, which could not be 
otherwise utilised, could be turned to good account. This sug¬ 
gestion affords a rather curious instance of inversion of economic 
values, since it is only a few years ago that turpentine was con¬ 
sidered as a likely starting point fbr the production of synthetic 
rubber, and now natural rubber is being considered as a source of a 
turpentine-like product. 

Ip a similar manner C. Lefebvre*® proposes to obtain an oil 
having the properties of oil of turpentine by the destructive dis¬ 
tillation of waste vulcanised robber. 

The action of selenium oxychloride on purified caoutchouc®* 
prepared from different grades of natural robber and on synthetic 
robber prepared from isoprene, in carbon tetrachloride solution, 
has been studied by C. E. Frick.™ It was not found possible to 
effect complete purification of the products (which contained 
selenium and chlorine), but the author concludes from the analytical 
results obtained that there is no difference in empirical com¬ 
position between the pure rubber obtained from a typical natural 
rubber and the synthetic product obtained by the polymerisation 
of isoprene. 

PHY.SICAL PbOPEETIES. 

While the physical properties of raw robber have not been 
studied so intensively as those of vulcanised robber, a good deal 
of attention has been devoted to the solution viscosity, particularly 
with respect to the possibility of correlating this property with 
that of the rubber after vulcanisation, although such correlation 
has been shown not to be generally applicable. 

It has been known for some time that the viscosity of rubber 
solutions is reduced considerably by the addition of traees of 
acids, such as trichloroacetic acid, and this phenomenon has'been 
made the basis of a method for isolating the insoluble nitrogenous 
constituent present in a solution from which it would otherwise 
settle out only with difficulty. 

The effect of adding other reagents sueh as benzoic acid, acetic 
acid, mercuric chloride, and sulphurous acid, has been studied by 
W. A.N. Eggirtk,’! who finds that in each case a decrease in viscosity 
occurs. On the other hand, addition of ammonia causes an 

” Phem. WeekbM, 1923, 20. 78 ; J., 1923, 280a, 

•® E.P. 188,008 ; J., 1923, 23a. ' 

•• Of. V. Lenher, J. Aimr. Ohem. Soc., 1921, 43, 29. 

»» Ibid., 1923, 46, 1800 ; J., 1923, 844a. 

” Sec. Trm. Ohim., 1923, 42, 317 ; J., 1923, 610a. 
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increase of visco^jt^. The decrease in viscosity brought about by 
adding an electrolyte is attributed to the removal of the electrical 
charge, and the author suggests that if suclf a procedure were 
adopted before carrying out viscosity determinations, any re¬ 
lationship between viscosity and vulcanising properties, which 
otherwise would be obscured, might become more apparent. 

In a series of experiments carried out with dilute (0-03-0'47%) 
solutions of rubber in benzene, K. Shimida’^ finds that the vis¬ 
cosity-concentration relationship is in accordance with Arrhenius’ 
formula log where t) is the viscosity of the solution, j/q 

that of the solvent, a..d C the concentration of rubber in the 
solution. The results are not affected by the presence of jesin 
associated with the rubber. 

The swelling of raw rubber in organic liquids has been inves¬ 
tigated by M. Le Tiianc and M. Kroger,™ who find that the degree 
of maximum swelling increases with increasing dielectric constant, 
a result which is not in agreement with the view of Wo. Ostwald,’* 
who concluded, from an examination of the results of other 
workers, that the swelling yiower decreased with increasing di¬ 
electric constant of the swelhng liquid. According to Le Blanc 
and Kroger, compounds containing halogen or sulphur exhibit 
the greatest maximum swelling power. At the commencement of 
the swelling action the velocity of swelling depends to a large • 
extent upon the viscosity of the liquid, and on this account a 
liquid producing maximum swelling of a comparatively low order 
may have a swelling velocity considerably higher than one which 
produces a greater maximum swelling. The effectiveness of 
carbon bisulphide as a solvent for sulphur chloride in coM vul¬ 
canisation is attributed to its unusually high swelling velocity. 

Vulcanisation. 

The results of a very comprehensive series of researches on the 
mechanism of the cold and hot vulcanisation processes, carried out 
by B. V. Bysow and M. K. Popova,’® arc now available, and in 
many respects supplement and confirm previous work of the first- 
named author. Much of the work covers ground already traversed 
by other workers, and it may be that the experiments were m 
progress at a time when information regarding these was not 
available. ^ 

Vulcanisation with the aid of sulpte chloride is said to be 
an adsorptive process, although in certain solvents, such as ether, 
benzene, and chloroform, characteristic adsorption curves were not 

" J. Chem. Jn8., Japan, 1923, 28, 705 ; J., 1923, 788a. 

« KoUmd-Zeits., 1923, 83, 168 ; J., 1923, 1082a. 

Ibid., 1921, 29, 100: J., 1921, 667a. 

" J. Hues. Phys.-Ohem. Soe., 1921, 53, 20-180 ; J., 1923, 842a. 
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obtained, this being attributed to the oocurrefioe of side-reactions 
with the solvents. 

Rubber vulcaniM with sulphur chloride, after soaking in 
benzene, followed by extraction for three days with boiling acetone, 
lost about two-thirds' of the sulphur chloride, chlorine being 
removed in greater proportion than sulphur, although it is Stated 
that there were indications that a reaction had occurred with some 
of the solvent used, as the increase in weight of the rubber after 
vulcanisation was greater than thht calculated from the added 
chlorine and sulphur. Vulcanisation with sulphur monobromide 
was found to take place in a manner similar to that with sulphur 
chloride. The authors also investigated the effect of immersing at 
ordinary temperatures raw rubber in solutions of sulphur in a 
solvent consisting of a mixture of 75% benzene and 25% sulphur 
chloride. It is stated that the amount of sulphur taken up was 
dependent on the concentration, and indicated an adsorption 
process. 

It was found that water vapour had an accelerating influence on 
the progress of hot vulcanisation. It is stated that in hot vul¬ 
canisation rubber first adsorbs melted sulphur,’® part of which 
remains in a super-cooled condition, insoluble in acetone, another 
part ctystallising out on cooling, and a third part combining 
chemically with the rubber. The sulphur in vulcanised rubber is 
therefore present in three states: crystalline sulphur soluble in 
acetone, amorphous super-cooled sulphur which is insoluble in 
acetone but which may be oxidised by means of bromine water, and 
thirdly, chemically combined sulphur which is both insoluble in 
acetolie and not oxidisable by bromine water. 

The effect of solvents on rubber vulcanised to different degrees 
was examined, and results were obtained which were generally in 
accordance with those of Stevens.” 

The heat of combustion of vulcanised rubber was found to be 
the same as that of unvuloanised rubber, containing the same pro¬ 
portion of sulphur. On heating at temperatures above 155“ C. 
mixtures containing over 30% of sulphur, however, gav'fe an 
exothermic reaction accompani^ by the evolution of some hydrogen 
sulphide. Somewhat similar observations have been made by 
1. -Williams and D. J. Beaver’® in experiments on the vulcanising 
of small samples of rubber and sulphur at various temperatures. 
Up to 151° C. the temperature of the interior of the mixing did not 
rise above that of the source of heat, but at 161°, 172°, and 
176° C. the temperature rose to 163°, 178°, and 203° C. respectively. 
With increasing proportions of sulphur up to 14%, or with the 

’* Cf. D. Spence, Kolloid-Zate., 1911, 9, 300. 

” Ann. Bepis., 1919,4,340. 

'•Ind. Eng. Chem.. 1923, 16, 265 i J., 1923, 412a. 
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ntroduotion of an organic accelerator an increased temperature 
■ise occurred. When mixtures of sulphur and resin, on of sulphur 
md accelerator -were heated separately, the tetoperature rise was 
rery small. 

Acetone-extracted rubber, when vulcanised, gave a much lower 
«mp(jrature rise than the unextracted, due to the extreme slowness 
)f the reaction, whereby the heat evolved tends to be dissipated. 
Although the temperature rise seems to indicate quite large energy 
:hanges during vulcanisation, <heats of combustion show that in 
reality these are comparatively small. Rubber containing 6’5% 
mlphur was vulcanised to give on the one hand 0-7%, and 
on the other hand S-tt* /„ of combined sulphur, and the heats 
of combustion were 6819 and 5832 calories per gram respec¬ 
tively. Further experiments tended to show that during vulcanisa¬ 
tion both an exother>,uc and an endothermic reaction took place, 
the latter predominating only towards the end of the reaction. 

An interesting development in the technique of vulcanisation is 
the discovery of P. Schidrowitz that rubber in the latex form can 
be vulcanis^ without coagulation occurring.’'® This vulcanised 
latex can then be employed for the purpose of proofing fabrics, 
giving a rubber coating which is already vulcanised. Alternatively, 
the latex may be coagulated to give a vulcanised rubber mass. 

Experiments on the vulcanisation of latex are described by 
W. C. l)avey,“ and it is interesting to note that there are several 
respects in which the vulcanisation differs from that of ordinary 
rubber. The general procedure consists in mixing the sulphur 
to a thick cream with ammonia, adding this to the previously 
strained latex, and heating in an autoclave, giving a rise .of 10 
minutes to the vulcanising temperature, in most oases 141° C, 
At the end of the heating period the steam is allowed to blow 
off very slowly. Owing to the escape of ammonia during the 
operation, it is necessary to add a fresh quantity to prevent ooagU' 
lation taking place, if the latex is to be kept. 

After vulcanisation very little change is noticeable, and or 
microscopical examination Brownian movement is seen to persist 

For purposes of testing, the rubber may either be coagulatet 
with acetone and converted to crepe or evaporated spontaneous!; 
to give a thin film. Vulcanisation, as evidenced by combination ol 
sulphur, takes place comparatively rapidly in the early stages o 
the heating, but then slows down. In one experiment 100 c.o. o 
latex, giving 33% of rubber ot coagulation, was mixed with 600 c.c 
of water and 2 grams of sulphur. After heating for 1 hour a 
141° C. the coefficient of vulcanisation was 0-91; at the eni 
of 2 hours this Ijpd risen to l-OT only. The vate of combitotioi 

’•B.P. 193,451! J., 1923, 732a. 

"J., 1923, 473t. 
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■with sulphur varies according to the nature of the sulphur. Similar 
mixings of Tlifferent forms of sulphur heated for the same time 
gave co-efficients of vulcanisation: in the case of flowers of 
sulphur, 0-55 ; precipitated sulphur, 1-47 ; and colloidal sulphur, 
2'44. Polysulphides piay also be employed for effecting vul¬ 
canisation. Increase in the proportion of sulphur brings abopt an 
increase in the rate of cure, but the relationship is not a linear one. 
Dilution of the latex tends to retard vulcanisation, as also does the 
addition of ammonia. The presence of litharge does not accelerate 
vulcanisation, as judged by the combined sulphur, and both lime 
and magnesia cause coagulation to lake place during the heating. 

In the presence of small proportions of zinc oxide the rate of 
combination of sulphur with the rubber is increased, but with 
larger proportions, vulcanisation is retarded. H, however, zinc 
oxide is introduced in the form of the hydroxide dissolved in excess 
of ammonia, marked acceleration results. 

At temperatures of 140° C., or thereabouts, organic accelerators 
do not exhibit the same activity with respect to latex as to 
ordinary rubber, but at lower temperatures the power of acceleration 
is very much enhanced. 

Compounding Ingredients. 

A good deal of work continues to be done on the specific effects 
of various compounding ingredients on the properties of vulcanised 
rubber, and, although a mass of information has been collected 
with reference to the tensile strengths and resilient energy of such 
compounded rubber, less attention has been paid to the resistance 
to abrasion which, in some cases, particularly that of tyres, is of 
considerable importance. A systematic investigation has been 
carried out by H. W. Greider“ for the purpose of determining the 
abrasion resistance of vulcanised rubber. To a basic mixing com¬ 
posed of rubber 100, sulphur 5, zinc oxide 5, hexamethylenetetr¬ 
amine 1 (parts by weight), increasing volumes of the pigment were 
added. IVom sheets of the vulcanised rubber annular test pieces 
were stamped out, and these were tested according to the method 
described by Evans (see p. 380). Of the fillers employed, both 
lithopone and colloidal barium sulphate, when added even in small 
proportion, reduced the resistance to abrasion, and further addition 
resulted in a progressive decrease in the resistance. 

Addition of the remaining fillers in gradually increasing pro¬ 
portions caused at first an increase in abrasion resistance which, 
after reaching a maximum, steadily diminished. 

The“ filler giving the highest maxinlum resistance to abrasion 
was “ gas bl^k,” which, in the proportion of 21 vols, per 100 

“ Ind. Eng. Ohm., 1923, 16, 504; J., 1923, 916a.- 
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vols. of rubber, gavp a value of about 18 for the coefficient of 
abrasion resistance. Light magnesium carbonate cams next with 
a maximum coefficient of 15, obtained with Q vols. of filler per 
100 vols. of rubber; china clay and zinc oxide both gave a 
maximum of about 12 at about 10 vols. of a^ded filler. The curves 
obtairjpd by plotting the resistance to abrasion against the volumes 
of added filler per 100 vols. of rubber were almost identical with • 
those obtained by plotting the tensile strength in the same Way. 

It was found that there was in general a correlation between 
hardness of the vulcanised rubbers as determined by the inden¬ 
tation test and their resistance to abrasion. The author considers 
that in order to obtain vulcanised rubber of a high degree of 
resistance to abrasion, it is necessary to use fillers which frill 
impart rigidity, high tensile strength, and high resilient energy 
capacity which involves the posscs.sion of high tensile strength, 
together with high extensibility. As it would bo difficult to 
secure all these conditions by the use of one filler, it is suggested 
that a combination of two or more fillers would give the most 
satisfactory results. In the author's opinion, the fillers which 
most nearly fulfil these conditions are light magnesium carbonate 
and carbon black, and the results of experiments are quoted in 
which these fillers were employed in the proportions 10-5, 12-6, 
and 14-7 vols. of gas black to magnesium carbonate per 100 , 
vols. of rubber. 

The presence of compounding ingredients frequently results in 
the rubber exhibiting anisotropy in its physical properties. An 
instance of this behaviour is afforded by the so-called calender 
grain, which in the absence of special precautions is usually met 
with even in the case of pure rubber mixings before vulcanisation. 
W. B. Wiegand and H. A. Bracndle,®^ by examining the effect of 
vulcanising pure and compound mixings under various conditions, 
have shown that the grain effect may persist even after vulcani¬ 
sation, and that the extent to which it is evident depends both 
on the manner in which vulcanising is carried out, and upon the 
presence or otherwise of fillers. The difference in mechanical 
properties of the vulcanised samples determined with and across 
the grain afforded evidence of the persistence of the grain. . 

In the case of the “ pure ” rubber-sulphur mixing very little 
anisotropy was exhibited when the sample was subject to maximum 
distortion during vulcanisation or whan maximum freedom of 
movement was allowed. On the other hand, where the movement 
of the sample was restricted the grain was still in evidence after 
vulcanisation. 

In the presence of compounding ingredients, however, the^grain 
effect remains to a greater or less extent whatever the conditions of 

“ Ind. Sng. Chem., 1923,16. 269; X, 1923, 412a. 
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voloanisation, but the phenomenon is more marked when the 
fillers arc of a crystalline character. 

The grain effect is, therefore, of a dual character and may be due 
to the rubber phase, although this may be eliminated to a con¬ 
siderable extent by adjusting the conditions of vulcanisation, and 
also to the influence of fillers, in which case it is more persistent. 

^Further evidence of anisotropy in mechanical properties induced 
by fillers is brought forward by W. W. Vogt and E. D. Evans®® in 
a study of the dimensional changes occurring on stretching vul¬ 
canised rubber. When a test strip of a simple rubber-sulphur 
mixing is stretched the ratio of the thickness to the width remains 
constant as the elongation increases; the same phenomenon is 
ob^rved with rubber compounded with certain fillers, for example, 
carbon blacks, zinc oxide, red iron oxide, ground natural barytes, 
whiting, and lithopone. On the other hand, the ratio of the 
thickness to the width of strips compounded with magnesium car¬ 
bonate, mica, graphite, clay (presumably not “ colloidal ”) or 
tripoli powder, gradually diminishes on stretching. In these 
cases, therefore, the values for Poisson’s ratio will be different 
according to whether the elongation is compared with contraction 
in the direction of the width or of the thiciness. 

In the presence of fillers of the latter kind anisotropy is also 
j -observed in the volume changes which take place on stretching,** 
acct*r,ding to the direction in which the tension is applied. The 
increa^p.in volume on stretching along the grain is least; across 
’'the grain'* gives a somewhat larger increase; and when stretched 
in a direction perpendicular to the grain the volume increase is 
largest of all. Fillers which cause anisotropy of the properties 
of the vulcanised' rubber are termed anisotropic in contradis¬ 
tinction to thos«i which give rise to the same mechanical pro¬ 
perties when thOj vulcanised rubber is tested in all directions and 
which are termed isotropic; these terms strictly refer to the 
vulcanised rubber; as a whole and not necessarily to the ^fillers. 
The anisotropy in properties is shown to be due to the shape of the 
particles of the fillers employed, those which are tabular or needle- 
shaped becoipiug oriented during calendering -with their longer 
<axes in the direction of the length of the sheet and thus the move¬ 
ment of the rubber varies according to whether tension is applied 
peipendicularly to the longer or shorter dimensions. 

• Thie' influence of particle size on the properties of compounding 
infredients has been emphasised in previous reports, and further 
e^dence has been furnished by D. F. Twiss** in the course of a* 
'i .vSR' comprehensive survey of the various fillers employed in 
• - • ' 
•» Ind. Eng. Chem., 1923,16, 1016 ; J., 1923, 1186t 
•• Ann, Beple., 1922, 7, 321. 

•• India Bubbtr J., 1923, 66, 691; J., 1923, S16a. 
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rubber manufacture.# It is shown that calcined magnesia is more 
active as an accelerator when prepared by heating light'magnesiun) 
carbonate than when prepared by igniting heafy magnesium car¬ 
bonate in which the particles are relatively large.** The sam« 
author shows that differences may result from the use of fillers 
occuDfing in different crystalline forms; litharge, for example 
occurs in the brown and yellow modifications which have been th« 
subjects of investigation by M. P. Applebey and R. D. Reid,* 
who have proved that the yellow variety is the less stable, anc 
consequently the more soluble of the two. Experiments by Twisi 
show that the yellow viriety is more active as an accelerator, anc 
this is attribute to its being more readily soluble in the rubber„or 
more probably, in the rubber resins.** 

The method of preparation of a pigment or filler can frequentli 
be regulated so that the particles are of suitable dimensions. Il 
the case of zinc oxide, it is stated that if metallic zinc is heated anc 
the vapour which distils superheated to about 2000° C., and the) 
passed into a suitable duct in contact with large excess of ail 
rapid oxidation and cooling are effected, and in this way it i 
possible to prepare the pigment so that the maximum particles siz 
is 0-25 micron.** 

Methods for determining the particle size of pigments have bee: 
referred to in previous reports. The one described by W. Vi 
Vogt,®* consisting in dispersing the pigment in a suitable mediui 
and finding the height of a column necessary to obscure a givmi" 
source of light, has been criticised by E. B. Spear and H. A. 
Endres,®^ who, as the result of numerous experiments, conclude 
that the method is applicable for comparisons of particle size of 
different samples of the same pigment, if the average diameter of the 
particle is greater than one half the wave length of light. The 
method, however, is not satisfactory when applied to the com¬ 
parison of ciifferent pigments possessing different optical pro- 
peities such as refractive index, light absorption, etc.®* 

An mteresting method has been proposed by E. v. Hahn and 
D. Hahn,®* employing an apparatus based upon one employed by 
Wo. Ostwald and F. v. Hahn** for the measurement of coagulation* 
in colloidal suspensions. The method is based upon the measure¬ 
ment of the rate of sedimentation of pigment when suspended in a 

• 

•• Of. H. P. Stevens, Indio iJuticr J., 1919, 58, 627. 

" Ohm. Soe. Tram., 1922, 121, 2129 ; J., 1022, 980i. 

•• Of 0. S. Whitby and A. Cambron, J., 1923, 333t. 

••New Jersey Zinc Co. and others, E.P. 180,080 • J., 1923, 1020 a. 

•• Atm. Bepte., 1922, 7, 319r 

•'Ini. Eng. Ohm., 1923,15, 725; J„ 1923, 941a. 

Of W. Feldenhehner, Rvhhtr Agt, 1922, 8, 8. 

” SaoU-Unti., 1922, 81, 96; J., 1922, 839a. 

••15k, 1922, iff, 82; J., 1922. 839a. 
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liquid medium, as indicated by the change in specific gravity of 
the liquid' containing the filler in suspension as sedimentation 
proceeds. ’ 

The microscopical examination of pigments has been dealt with 
by H. Green,*® who points out that in the interpretation of photo¬ 
micrographs errors are likely to arise owing to working with 
inadequate resolving power. The tendency of most pigments to 
flocculate leads to confusion between individual particles and 
aggregates. 

For the preparation of sections for microscopical examination 
A. F. Hardman®* recommends immersing the sample in molten 
sulphur which causes further vulcanisation and consequent har¬ 
dening to occur. In this condition the sample may be cut readily. 
The method has been applied to the examination of rubber con¬ 
taining antimony sulphide, for which it is particularly suitable. 

In vulcanised rubber which is subjected to continual wear for 
long periods, as, for example, in the treads of lyres, heat develop¬ 
ment may occur, and if this is not dissipated comparatively quickly 
the temperature of the rubber may rise to such an extent that 
rapid deterioration will take place. It is important, therefore, 
that the compounding ingredients should possess sufficiently high 
thermal conductivity to prevent heating up. 

Methods for determining the conductivity of rubber mixings 
compounded with ditlcrent fillers have been described by I. 
Williams.*' In one case, the compounded rubber is applied to the 
outside of a cylindrical vessel made of oopiter through which steam 
may be passed. A specially constructed water trap is provided 
in order to keep back water which might enter with the steam, 
and the weight of water condensed within the vessel over a given 
time is ascertained. During the operation the vessel is immoised 
in a bath of water and the temperature rise of the bath is noted. 

The second method consists in rolling the calendered rubber 
round a thermocouple so that it forms a cylinder f-in. in diameter, 
in the centre of which the thermocouple is disposed. The whole is 
wrapped in aluminium foil and immersed in boiling water, jfnd the 
^temperature recorded by the thermocouple noted at intervals. 

The first method gives the more accurate results, but the second 
is said to give results sufficiently accurate for most purposes. 

The thermal conductivity of a range of pigments was deter¬ 
mined, the Mghest value being obtained with zinc oxide, red iron 
oxide being next; the conductivity of sulphur was lowest, the 
values for antimony sulphide, rubber itself, litharge, clay, talc, 
and gas black ascending in the order given. 

Ohem. and Met. Eng., 1923, 28, 63; J., 1923, 277a. 

*• India B/ubb&r Worlds 1923, 681 711. 

" Ind. Eng, Chem.g 1923,15, 164 j J., 1923, 279a. 



nroiA-BUBBEB. 


371 


The temperature development in tyre treads incorporated with 
different fillers has been studied by D. F. Cranor.*® ‘A tyre was 
ouilt up in which the tread was in four sections in which the 
different compounding ingredients used were zinc oxide, carbon 
black, glue, and clay respectively. Temperatures were taken by 
means of a thermocouple under normal running conditions, and it 
was found that the least temperature rise occurred in the portion of 
the tread containing zinc oxide. The portion containing clay 
became only slightly warmer, glue came next in order, and carbon 
black showed the greatest temperature rise. Teats carried out on a 
laboratory machine g’vo somewhat similar results, although it 
was noticed that in some cases the clay compound showed ithe 
least temperature rise. 

An interesting application of selenium as a compounding ingre¬ 
dient is suggested by I. Wilhams,*® who finds that the presence ot 
a very small proimrtion, less than 0T%, is sufficient to prevent 
supersaturation of the rubber with sulphur, and thus blooming is 
prevented. 

Inorganic Acoelekators. 

The accelerathig effect of arsenic sulphide, which has long been 
used as a pigment in the rubber industry, has been determined by 
1). F. Twiss.™ With 5% of the pigment in a rubber-sulphur 
(90 :10) mixing there was a reduction in time of cure at 148° C., 
and even in much smaller proportions B. J. Eaton and R. 0. 
Bishop™ have found that marked acceleration occurs. 

Experiments carried out by these authors with mixmgs con¬ 
taining arsenious oxide show that the addition in very smalh pro¬ 
portions (as httle as 0T% calculated on the whole mixing) causes 
acceleration, but that larger quantities do not produce a corres¬ 
pondingly higher degree of acceleration. This observation is of 
some technical interest in view of the possibility of arsenic being 
present in small proportion in commercial sulphur, a circumstance 
which might lead to errors in vulcanisation. That antimony 
sulphide may function as an accelerator has been shown by E. 
Anderson and W. M. Ames,™ but this may possibly be due to the 
substance containing a sulphide of antimony higher than the* 
trisulphide, as it has already been established that polysulphides 
generally act as accelerators.™ These authors also confirm the 
statement of A. H. King™ that iron oxide in presence of brown 
rubber substitute acts as an aifccelerator. 

*• JikMo Btibber World, 1923, 68, 429. 

>=Ind. Bng. Chem., 1923, IS, 1019 ; J., 1923, 412a. 

India Bubber J., 1923, 66v 696; J., 1923, 616a. 

>“J., 1923, 3031. 

J., 1923, 1361. 

0. W. Bedford and L. B. Sebtell, Ann. Bepta,, 1922, 7, 316. 

“‘India BuiSsr J., 1916. S2, 439. 
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The accelerating influence of ammonia has been known for some 
time, and in this connexion it is interesting to note that metallio 
ammines, such as tHe addition product of ammonia with zinc sulphate, 
ZnS 04 , 6 NH 8 , possess marked accelerating properties,**® a com¬ 
pound of this type having recently been put upon the market. 

Okganio Acceleeatoes. 

Recent work on organic accelerstors is concerned not so much 
with the discovery of new individual substances or classes of 
jubstances capable of acting as accelerators as with the determina¬ 
tion of conditions of vulcanisation under which particular ac- 
jelerators may bo used to the best advantage. 

The only important new class of accelerator described is that 
of the dilhio-acids containing the grouping -GSSH. Dithio- 
carbamates have been recognised as active accelerators for some 
time, but the activity was originally regarded as a function of the 
amino grouping. It is probable that the active group in this class 
of accelerators is really the -C (; S)'S- group, as S. M. Cadwell,**® 
E. Romani,*** and G. Bruni*** find that the dithio-acids which do 
not contain the amino group are “ ultra-accelerators ” in presence 
of zinc oxide. The dithio-acids are prepared by treating the 
corresponding aldehydes with hydrogen persulphide or, preferably 
by the action of ammonium polysulphide on an alcohoUo solution 
of the aldehydes. Thus, furfural yields dithiopyromucio acid, 
salicylaldchyde gives dithiosalicylio acid, and dithiobenzoic acid 
is obtained from benzaldehyde. 

An investigation on the activities of various derivatives of 
1-mercaptobenzothiazole has been carried out by L. B. Sebrell and 
C. E. Boord.**® The compounds used were prepared by four 
different methods,*** which consisted in heating in a steel autoclave 
noixtures of (1) substituted dithioureas with sulphur, according to 
the method of E. Romani,*** (2) zinc salt of the corresponding 
aryl dithiocarbamio acid and sulphur, (3) the ammonium salt bf 
the same acid and sulphur, (4) the arylaminc, carbon disglphide,. 
and sulphur. 

The properties of the thiazoles, their lead and zinc salts, and 
their dtailphides are d^cribed in detail. In the compounds pre? 
pared by the authors various substituent groups were introduced 
into the benzene nucleus; and the activities as accelerators of these 

' *•• H. SksUon, T. H. Koberta, and H. B. E. Clarke, E.P. 204,902; J., 

1922, 1U.7a. 

E.P. 177,493 ; J., 1923, 1033a. 

^ CaoiOchouc et Qvita Perohat 1922, 12, 11,626; /., 1923, 107a. 

«»India Rubber J., 1922, 64, 927 ; J., 1923, 63a. 

«• Ind. Eng. Chem., 1923, 18, 1009; J., 1923, 1187a. 

“® J. Amer. Chem. Soe., 1923, 45, 2390. 

u* Oat. OHm. Hal., 1922, 68, 29. 
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derivatives detenjiilfe'd in a mixing, rubber 100, sulphur 3'5, zino 
oxide 5, together with 1 part of l-mcrcaptobenzothisteole or the 
molecular equivalent of the substituted comporfnd. Temperatures 
of 125“ and 141° C. were employed, and the compounds ranged in 
order of activity as determined hy the load necessary to give, an 
elongwtion of 700% at 10 minutes euro. The most active substance 
was found to be 1-meroapto S-methylbenzothiazole, the order of 
the remainder being as follows:—3,5-dimethyl, parent substanee, 
6-methyl, 5-ethoxy, 5-methox,>. The accelerators were in the 
same order at both temperatures. In the absence of zinc oxide the 
acceleration produced was extremely small, and the zino salts 
exhibited a similar behaviour, requiring the presence of the metallic 
oxide for the development of the full activities. The disulphides 
were found to be less active than the free thiazoles, both with and 
without zinc oxide. Replacing t he benzene nucleus by an aliphatic 
residue as in /z-mercaptothiazoline, 


CH,-S, 

I VSH 

CH,—N' 


yielded a compound with inferior accelerating power. 

Replacement of the sulphur in the thiazole ring, as in l-meroapto- 
benzoxazole, 


c.h/^>c.sh 


gave still lower acceleration, and the replacement of the -SH 
group by -NHj or -OH yielded derivatives which were almost 
inactive. 

The vulcanisation of rubber in solution by the interaction of 
hydrogen sulphide and sulphur dio.xide, according to the Peachey 
method, proceeds more rapidly in presence of benzoquinone.^** 

The remarkable activity of the dithiocarbamates and other 
compounds of the class known as ultra-accelerators is frequently a 
source of trouble, ot^ing to vulcanisation commencing during the 
preliminary operations of milling and calendering, and several 
methods have been devised in order to overcome this defect. 

For example, the mixing may be made with all the necessftrj^ 
ingredients except sulphur, whieh is dusted over the surface when 
the article is in the shape required. On keeping at ordinary tem¬ 
peratures the sulphur penetrates into the ru jrber and vulcanisation then 
proceeds slowly, the degree df vulcanisation being tjetermined by 
the proportion of accelerator present. ITiis method has been 
described by B. Romani,**® although priority is claimed by U. 
Pestalozza.**® 


*** Peachey Process Co. and S. J. Peachey, E.P. 190,061; J”., 1923, 107a. 
"•CoouichoKc a Qutta Pmha, 1922,19, 11,626; J., 1923, 107a. 
“ifuKo B«66er J., 1923, 86, 238 j J., 1928, 279a. 
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Another method described by Romani is to incorporate in the 
mixing the sulphur and othe^ ingredients, and immerse this in a 
solution of zinc dithiopyromuoate in acetone.*'® The principle of 
allowing diffusion of the sulphur and accelerator may also be 
applied by building up the article from a number of ^eets con¬ 
taining alternately, in the one case the sulphru-, and in the rother 
case the accelerator,*” and exposing the whole to a suitable tem¬ 
perature ; or the sulphur may be introduced into the whole of the 
layers which contain alternately two compounds which react to 
give an active accelerator,**® 

The fact that certain accelerators do not exhibit marked activity 
majr be due to their melting at a temperature higher than that at 
which vulcanisation is conducted. By mixing two such substances 
together the melting point is reduced and the activity enhanced.**® 

One of the characteristics of mixings containing certain accele¬ 
rators is that the physical properties acquired on vulcanisation 
remain constant over a somewhat extendad period of heating*®®; 
the importance of this so-called flat-curing or plateau effect lies in 
the fact that variations in the time of cure do not adversely afiect 
the properties of the vulcanised rubber. This behaviour is par¬ 
ticularly evident in the case of the l-meroapto-3-methylbenzotMaz- 
ole examined by Scbrell and Boord.*®* 

Among other compounds which act in a similar manner, the salts 
of the alkylxanthic acids m.ay be cited*®®; for example, mixings 
■which contain zinc or cadmium propylxanthato in the presence of 
zinc oxide may be heated at comparatively low temperatures, 
from 60° C.,to 130° C., when vulcanisation proceeds until a point is 
reached at which the physical properties remain constant on further 
heating, even though a considerable proportion of free sulphur is 
stiU present. 

The effectiveness of accelerators in obscuring variations in raw 
rubber, which has hitherto been tacitly assumed, has been inves¬ 
tigated by G. Martin and W. C. Davey.*®® Samples of different 
kinds of rubber were -vulcanised in a mixWg containing 10% of 
sulphur and the times of cure ascertained; these varied from 
50 minutes in the case of wet roll from creosoted latex to 115 

1 

115 jfwoc cii 

"« Of. H. A. Morton, U.S.P. 1,434,908 ; J., 1923, 64a. 

*** M. M. Harrison and H. A. Morton, Assrs. to Millar Rubber Co., 
U.S.P. 1,434,892; J., 1923, 6iA. 

**• The Naugatuck Chemical Co. and S. M. Cadwell, E.P. 174,916; 
J; 1923, 789a. 

**• G. H. Stevona and 0. H. Eaton, IT.S.P. 1,466,743; J., 1923, 1187a. 

*fC. 0.'North, Ind. Em. Chem., 1922,,14, 862. 

^Loc. cit. * 

Dunlop Rubber Co., D. F. Twiss, and P. Thomas, E.P. 204,767 j 
J., 1923, 1187a. 
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minutes in the ca^ ftf a sample ot crepe. The same rubbers were 
then vulcanised at the same temperature in a mixing of rubber 90, 
sulphur 10, zinc oxide 6, and thiocarbanilide 1 f the times of cure 
necessary to give an elongation of 700% at a load of 0-6 kg. per 
sq. mm. varied from 10 minutes to 75 minutes. The sample 
requiring 115 minutes in the pure mixing was vulcanised in 43 
minutes in the accelerated mixing, while that curing in 50 minutes 
required 75 minutes in the presence of accelerator, the order of the 
rate of cure of the two rubbers thus becoming inverted when 
employed in an accelerated mixing. 

Judging by the att.iiument of maximum tensile strength, the 
variation in time of cure was not so pronounced, being reduced 
from ± 26% in the rubber-sulphur mixing to rt 17% in the 
accelerated mixing; similar results were obtained when the co¬ 
efficients of vulcanisation at a given time of cure were compared. 
Two rubbers having different rates of cure in a mixing containing 
sulphur alone, were compounded with zinc oxide and different ac¬ 
celerators, including thiocarbanilide, aldehyde-ammonia, p-phcnyl- 
eiiediamine, m-phenylenediamine, “ suparac,” and p-nitrosodime- 
thylanilinc, in the proportions ; rabber 90, sulphur 10, zinc oxide 
5, accelerator 1. In each ease the sample showing the higher 
rate of cure in a “ pure ” mixing was vulcanised in a shorter time 
in presence of an accelerator. A similar investigation carried out • 
by H. P. Stevens^^* showed that, judging by the extensibility of 
the vulcanised samples, variations in times of cure were obscured 
more completely by hexamine than by thiocarbanilide. Latex- 
sprayed rubber, which was the fastest curing of all the samples 
examined, preserved this order when accelerated by ihiocalbanil- 
ide, but in the hexamine mixing the rate of cure was exceeded by 
a sample of matured slab and by ordinary pale crepe. 

For comparing the activity of accelerators, G. S. Whitby and 
A. Cambrotf^'’ introduce the compound into a rubber cement made 
with xylene and containing sulphur and zinc oxide, the whole being 
immersed in a bath of boiling water. The contents of the tube are 
stirred by means of a mechanical stirrer and the time taken for the 
cement to set to a gel and adhere to the stirrer is noted.“® It is 
stated that the setting point can be ascertained with a fair degre® 
of precision, duplicate experiments giving results within half a 
minute. 

Regarding the theory of, the actioh of accelerators, further 
evidence in favour of the polysulphide theory of Bbdford and his 
oo-workersi^’ has been brought forward by Sebrell and Boord.“* 
The authors find that metallic salts of mercaptobenzothiazoles are 

n* BvU, Rubber Qrowers' Assoc., 1923, 6, 292 ; J., 1923, 667a, 

J., 1923, 333t. 

“* CJ. Bedford and Sebrell, Am. Repts., 1921, 6, 368. 

Am. Rep^., 1921, 6, 388. 
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E«Miter curing than the free compounds and th^it both types aie 
Easter curing than the disulphides. Moreover, the mercapto- 
benzothiazoles req\£re the presence of metallic oxides in order that 
they may exhibit their full activity as accelerators. These facts are 
held to be more in accordance with the theory of Bedford and 
Sebrell, who regard the zinc salts as giving rise to polysulphides 
w^ch furnish the sulphur necessary for vulcanisation, rather than 
that of Bruni and Romani, who regard the disulphides as the inter¬ 
mediate compounds which, by decomposition, jneld sulphur in an 
active form. 

W. Soott“® regards diphenylguanidine as a hydrosulphide poly¬ 
sulphide accelerator and for its constitution favours the amino 
structure CjHs'NH-CENHj): N-CjHj rather than the imino structure 
(CjH5-NH)j: C: NH, the hydrosulphide being represented by the 
formula (CeHj-NHljiCtNHj-SH. Although diphenylguanidine 
decomposes just above its melting point into ammonia, aniline, and 
triphenyldicarbimide, this decomposition does not occur at normal 
vulcanising temperatures, and the acceleration is not to be 
attributed to ammonia produced in this way. 

According to E. Romani,^” it is probable that aldehyde-ammonia 
and othei similar condensation products are first decomposed, 
yielding ammonia, which gives rise to ammonium polysulphide, 
and this in turn reacts with the aldehyde to form dithio-acids. 

The function of metallic oxides, especially zinc oxide, in pro¬ 
moting the activity cf accelerators has boon further investigated 
by C. W. Bedford and H. Gray,“® who attribute its action to its 
maintaining, the concentration of the accelerators in the rubber 
mixing. Hydrogen sulphide is known to precipitate zinc sulphide 
from zinc chthiocarbamates with formation of free acid, and this 
reaction will take place in a rubber mixing from the hydrogen 
sulphide formed by the interaction of the sulphur with the rubber 
resins. The retarding influence of hydrogen sulphide was demon¬ 
strated experimentally by immersing a mixing containing the zino> 
salt of a dithiocarbamate in the gas for a few hours, after which 
vulcanisation was shown to proceed comparatively slowly. Diirinf 
normal vulcanisation zinc oxide re-forms the zinc salt and thui 
preserves the activity of the accelerator. A similar result may b( 
achieved by using excess of the zinc dithiocarbamate, in which oas( 
vulcanisation wUl proceed at ordinary temperatures, even ij 
absence of zinc oxides. Eurther prqof of the mode of action a 
zinc oxide was afforded by the fact that tetramethylthiouran 
disulphide could be used in place of zinc oxide in a mixing eon 
taining a zinc dithiocarbamate. Small proportions of one of eacl 
of theSe oompoemds introduced into sinular mixings were found no 

’••Ind. Eng. Chem., 1923, 16, 286 j J., 1923, 412a. 
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to effect acceleration. When, however, the two mixings wa»' 
combined, the resnlting mixture cured very rapidly. ’This is said 
to be due to the reaction between the tetramethyldithiouram 
disulphide and the hydrogen sulphide,*® which prevents the ! 
latter from decomposing the dithiocarbamate. 

Zinc salts of weak acids, such as stearic and oxalic acids, are 
equally effective. In connexion with the behaviour of zinc oxide, 
it is pointed out that the function of the zinc oxide may cease 
during hot vulcanisation owing to the reaction products not being 
in intimate contact with particles of zinc oxide after a lapse of 
some little time. In this way the heating may be continued and 
no apparent vulcanisation take place beyond a certain limit. 
When, however, the vulcanised sample is removed from the press 
and allowed to remain at ordinary temperatures, migration of the 
components of the reaction may take place and the zinc salt of 
the dithiocarbamate be re-formed and vulcanisation proceed at 
ordinary temperatures. Figures are quoted showing the effect of 
storage on a sample which was hot cured until the stage was 
reached at which no further change in tensile properties occurred 
on continued heating. On keeping at ordinary temperatures, 
however, vulcanisation proceeded, and at the end of 75 days a 
marked change in tensile properties had taken place. 

The fact that many accelerators exhibit enhanced activity in- 
presenoe of bases, such as ammonia and aniline, has been pointed 
out by several workers,™ and an explanation of this behaviour is 
offered by G. S. Whitby and A. Cambron,™ whose experiments 
lead them to conclude that such bases act in a dual capacity. ' In 
the first place, the base neutralises the acids which G. S. Whitby 
and A. R. Winn™ have shown to be present in the acetone-soluble 
portion of rubber. The solid acid present in Eevea resin, a 
saturated fatty acid, which has been named heveic acid, was 
shown to retard the vulcanisation of a rubber cement containing 
an active accelerator; stearic acid behaved in a similar manner. 

On the other hand, addition of bases such as ammonia, methyl- 
aniline, and piperidine, hastened the setting of the cement; additiotf ” 
of small quantities of piperidine, for example, to a cement wai- 
taining zinc pentamethylenedithiocarbamate effected a maAed, 
reduction in the time of setting, but with increasing proportions '!# 
the base a point was quickly reached after which further addition 
did not cause a marked inc?;pase in the’rate of vulcanisation. This 
may be explained by assuming that after the resin aei<k are,, 
neutralised the added base ceases to function. 

"" Atm. Septa., 1922 , 7 , ^ 26 . 

“■ G. D. Krat!, A. H. Flower, and C. Coolidge, Ind. Eng. Cham.. 1920, W- 
S24 i Bedford and Gray, ibid., 1923. 16. 723 ; S. M. Oadwell, E.P. 174,916. 

“ioc. cit. 

“•/, 1923 , 8361 . 
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Further experiments showed that not oriy^ does the base 
neutralise the resin acids which, if left in the free condition, would 
retard vulcanisation^ but that the soaps which are thus formed 
increase the degree of dispersion of the caoutchouc and lead to an 
increased rate of reaction with sulphur. 

In many respects these views supplement those of Le Blancrand 
Kroger,who suggested the possibility of comparing the activity 
of accelerators in solutions and who regard the action of accelerators 
as affecting the rubber and not so much the sulphur. 

An interesting point in connexion with the action of litharge on 
certain accelerators has been brought to light by P. L. Bean.*®'* 
In a mixing containing, in addition to rubber and sulphur, piperi¬ 
dine' pentamethylenedithiocarbamatc and zinc oxide, the addi¬ 
tional presence of litharge caused a retardation in the commence¬ 
ment of the vulcanisation, but did not appreciably affect the 
ultimate time of cure. This suggests a possible method of pre¬ 
venting premature vulcanisation in mixings containing active 
accelerators. 

Agking. 

Some interesting data regarding the meclianism of accelerated 
ageing of vidcanised rubber have recently been obtained by 
B. Marzetti.*®* The effect of heating in different gases at a 
'constant temporatm-o of 77° C was determined, and it was found 
that whereas samples heated in a scaled tube containing oxygen 
deteriorated completely, there was no appreciable loss in physical 
properties when they were heated in an atmosphere of carbon 
dioxid^, or Irft for a long period in the mould in which they had 
been vulcanised. The author concludes that ageing is an after¬ 
vulcanisation induced by the oxygen of the air, very small pro¬ 
portions of which are sufficient to bring about the destructive 
change, just as small proportions of sulphur may produce vul¬ 
canisation. The ageing of samples vuloanisesd for different periods 
of time at 143° C. was examined, and it was found that the velocity 
of absorption was greater in samples vulcanised for longer titKes ; 
the rapidity of ageing is therefore held to be a function of the 
velocity of oxygen absorption, the actual quantity of oxygen 
required to produce complete physical deterioration being 
approximately the same for all degrees of vulcanisation. The 
author also found that with mixings vulcanised to give similar 
physical properties unaccelerated samfjles absorbed oxygen much 
much more rapidly than accelerated samples. 

Experiments on the natmal ageing of rubber vulcanised , with 
the aidcof some of the more active accelerators have been described 

"•Am. Bepto., 1921, 6, 363. 

•"India Rubber J., 1922, 64 , 1051 ; J., 1923, 106a. 

“• mom. OMm. Ind. Appl, 1923, 8 , 122 j J., 1923, 46^a. 
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by C. C. Bavis.’®’ iThe accelerators employed'comprise diethyl- 
amine diethyldithiooarbamate, the dimethylamine and piperidine 
analogues, and the thiouram disulphides coracsponding to these 
three compounds. Various mixings were used; in one case, 
smoked sheet 100, sulphur 1, accelerator J, zinc oxide 100, and 
thesa were cured for 10 minutes at 30 lb. In nearly every 
instance, after keeping for two years under ordinary circumstances, 
the tensile strength was found to be higher than that of the 
freshly cured sample, and the olongation with a given load had in 
all cases decreased slightly. The addition of litharge in presence 
of piperidine peatani'ihylenediihiooarbamato as accelerator had 
no appreciable elfect on the rate of cure or the ageing properties. 

Very little diTerence in the tensile or ageing properties was 
observed even when the proportion of accelerator was halved. 
With 3 parts of sulphur instead of 1, however, keeping the time of 
cure of the compounds the same, a marked deterioration had 
occurred at the end of two years, and this was much more notice¬ 
able in the case where 4 parts of sulphur' were added. By reducing 
the temperature of vulcanisation, however, the ageing properties 
were much improved, and by reduemg the time of vulcanisation 
still better tensile and ageing properties resulted. The author 
concludes that the use of so-called ultra-accelerators does not lead 
to more marked deterioration on ageing than is obtained by usin^ 
the less active accelerators, especially if the vulcairising conditions 
are chosen with due regard to the proportions of sulphur and 
accelerator present. 

It is generally agreed that rapid ageing is more frequently 
attributable to an excessive period of -vulcanisation than to the 
harmful inlluence of compounding ingredients,^*® but very little 
work has been done with the object of comparing the ageing 
properties conferred by various compounding ingredients. 

In experiments on the ageing of mixings compounded on the 
one hand with antimony sulphide and on the other hand with red 
iron oxide, both largely used pigments, E. Anderson and W. M. 
Ames*®' have shown that the ageing properties may be to some 
extent influenced by the nature of the compounding ingredients 
used. The pigment was introduced into a simple mixture of 
rubber (90) and sulphur (10), and also into a mixture in which a 
proportion of the rubber #was replaced by brown vulcanised oil 
substitute. The samples containing antimony sulphide showed 
consistently better ageing properties than those containing iron 
oxide, whether the mixiijg contained substitute or not. 

""India Rubber J., 1923, 86, 303; J., 1923, 989a. 

'•‘Ann. 1922, 7, 323. 
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’* Some interesting photomicrographs have been obtained by 
M. Ames**“ in the course of experiments on the ageing (rf 
vulcanised rubber. ■’Samples of a rubber-sulphur (90; 10) mixing 
under-cured, normally cured, and over-cured were kept at 70° C., 
and samples withdrawn daily from which sections were cut and 
photomicrographs obtained. In all cases the free sulphur fwma- 
tions increased in size at first, but afterwards gradually broke up 
and the amount of ■visible sulphur diminished. This was shown to 
be due to loss in sulphur from the surface of the sample with con¬ 
sequent migration of sulphur from the centre portions from which 
the sections were cut. In the case o* a sample of vulcanised 
rubber which had perished at ordinary atmospheric temperatures, 
the condition of the free sulphur was the same as in the freshly 
vulcanised sample. This tends to show that the conditions of 
artificial ageing are not strictly comparable with those of natural 
ageing. Reference may be made to the propos^.for the addition 
of anti-oxygens, such as tannin or quinol, for the purpose of 
improving the ageing qualities of raw and vulcanised rubber 

Testing. 

An apparatus devised by B. Marzetti for the purpose of deter¬ 
mining the plasticity of unvulcanised rubber, presumably after 
jmastication, has been described.'** The rubber sample is enclosed 
in a strong cylindrical vessel, the lower portion of which terminates 
in a cone provided ■with an orifice of suitable dimensions. The 
apparatus may be kept at any desired temperature by immersing 
in a bath of glycerin. The upper portion of the cylinder is con¬ 
nected to a supply of compressed air, the application of which 
causes the rubber to be extruded from the orifice. The length or 
weight of the strip of rubber extruded in a given time will depend 
upon the plasticity at the temperatures employed, and a com¬ 
parison of different samples is thus possible. A rather interesting, 
application of the apparatus is in connexion with the testing of 
&e activity of accelerators. In mixings which do not tend to 
vulcanise at the temperature of the bath, which may be from'80° 
to 100° C., the lengths of rubber extruded in successive intervals 
win be equal for equal times; but if there is a tendency for ■vul¬ 
canisation to set in, as, for example, in accelerated mixings liable 
■to “ scorch,” the lengths of the strips issuing in a given time ■will 
gradually diminish owing tef the firming up of the mixing. 

^ ^ A method for determining the resistance of ■vulcanised rubber 
■ tojabrarion has been described by W. W. Evans.'** CSrcular rings 

Boy. Microscopical 5oc., 1923, 266. , 

^ ' ** A, Helbronner and G. ^rnstain, Comptes rend.^ 1923, 177* 204; 

1923, 844a. CJ. E.F. 142,083. 

Giom. Chim. Ind. Appl, 1923, 5, 342; J., 1923,1033a. 

Amer. See. for Testing Materials, June,, 1928 i J., 1928, 9*0a. 
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are stamped out means of a die from a sheet of the mbbeTf 
and after weighihg are attached to a steel spool whioh is fixed to 
the lower end of a vertical spindle, capable o^ being driven at the 
rate of about 130 r.p.m. The samples are kept apart by means of 
separator rings and immersed in loose carborundum, contained in 
a b^, a “ head ” of 6 inches of abrasive being allowed. After 
rotating for 4 hours, the position of the spool is reversed and the 
test continued for another period of 4 hours. The degree of 
resistance to abrasion is ascir+ained by the relative loss in volume 
of the samples under test; the loss in weight is actually deter¬ 
mined, and from a knowledge of the specific gravity the volume 
loss is oalculatetl. 

It is necessary in each case to include a standard sample'of a 
rubber compound of known abrasive properties, and the loss in 
volume is calouleied as a proportion of the loss undergone by the 
standard. This method has been employed by H. W. Greider*** in 
an investigation dealing with the effect of various compounding 
ingredients on the abrasive properties of rubber, to which reference 
has already been made. The tests were run at a speed of 170 r.p.m., 
under which conditions a rise of temperature of the abrasive and 
samples to 65'5° C. took place. After each test the mixture of 
carborundum and rubber dust was passed over a screen to remove 
abraded rubber and any carborundum reduced to a fine mesl;. 
during the process. It was found that unless the grain of the 
carborundum was kept constant variable results were obtained. 
The results were expressed in terms of the “ co-efficient of abrasion 
resistance,” which is the reciprocal of the percentage loss in 
volume resulting from the test rfter a standard number of'jcevolu- 
tions, in this case 100,000, or approximately 10 hours’ rotation in ■ 
the abrasive. 

An abrasion testing machine of the fixed type is described by 
H. A. Depew,!*® and consists essentially of a circukr turntable 
provided with an abrasive track made by casting a mixture of 
Portland cement and abrasive quartz. The samples of vulcanised 
rubber to be tested are held in position against the surface of the’ 
track, which rotates at the rate of about 30 r.p.m. The track k 
kept free from abraded rubber by means of stationary bruahes, 
and suction pipes are placed at intervals to carry away the du^; 
In a comparison of results obtained by this method and the loose 
abrasive method deseribei^ above, tte author found**® that ths 
values obtained were of the same order over a range of samples, 
but that the loose abrasive method tended to emphasise 
difference between a good and a poor resisting sample. 

“‘/nd. Eng'chem., 1923, 16 , 604; J., 1923, 616i. 

>« India Rubber WoHd, 1923, 68, 367. 

**•16^., 1923, 68, 666. 
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The measurement of temperature in rubber, particularly in tyres, 
by means of thermocouples has been studied by E. B. Spear and 
J. P. Purdy,**’ who find that the temperatures recorded are liable 
to be much too low unless the wires are embedded in the rubber 
for some distance from the thermal junction. The authors have 
devised a new type of thermocouple specially adapted for taking 
the temperature of tyres during running tests. 

The mechanical testing of rubber has been discussed by G. S. 
Whitby,**® who compares the ring-shaped test piece with the 
straight or dumb-bell type. The method of plotting tensile curves 
in which the strains are recorded as abscissae and the stresses as 
ordinates is favoured.’*® 

Analysis. 

The methods at present in use for the analysis of rubber are 
probably of a very diverse character, each laboratory favouring its 
own special procedure. In cases where the analysis is carried out 
in order to ascertain whether the material is in agreement with the 
requirements of specifications, the adoption of standard methods 
of analysis would bn to the advantage of both tho consumer and 
the manufacturer. For the past year or two a committee of the 
Rubber Division of the American Chemical Society, acting in con¬ 
junction with a sub-committce of the American Society for Testing 
Materials, has been engaged on the task of formulating methods of 
analysis which will be acceptable to all concerned. The tentative 
scheme originally recommended has been discussed and slight 
modifications and additions introduced; the complete scheme, as 
finally approved, has now been published and will be seen to 
embrace, in addition to the older analytical processes, determina¬ 
tions of free carbon, glue, and cellulose.**® 

The aid which the microscope may render in the examination of 
vulcanised rubber articles is indicated in a communication by 
W. M. Ames,*®* who shows photomicrographs of sections of rubber 
containing glue and rubber substitute. 

**’/n<f. Eng. Ohem., 1923, 16, 842 ; J., 1923, 1033a. 

»*' India BMer World, 1923, 67, 362. 

'••C/. W. B. Wiogand, Ann. Bepta., 1922, 7, 328. 

*“ Ind. Eng. Ohem., 1923, 16, 308. 

*“ J. Boy. Microecopieal Soe., 1923, 265. 
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LEATHEK AND GLUE. 

d By D. WooDBOFFE, M.Sc., A.T.C., 

Head of Imther Department, Norlhamplm, Technical School. 

Thebe has been a gradual buv general improvement in trade during 
the past twelve months, in which most sections of the leather 
industry have partir.'oalcd. It is difficult to trace the source of 
this improvement. The boot and shoo manufacturers disclaim 
any improvement in trade, but export returns and employment 
returns arc against them. M.any factories in the Northampton 
district are worki ig full t ime and some even on overtime, notwith¬ 
standing that this is the slack time in the boot and shoo trade. 

The boot and shoe industry, as well as the leather trade, has 
cidarged its productive capacity by several times during the last 
ten years. iSome leather works have a capacity for turning out 
five times as much leather as they did in pre-war days, and until 
the slump came in 1921 they were manufacturing at full pressure ; 
even now they are dressing much more than their pre-war output. 
Hides have touched the lowest figure and there has been a sUghV 
increase in price. There is not a great deal of unemployment in the 
leather and allied trades. Repeated attempts have been made to 
force up the prices of hides, but without success.* In the case of 
sheepskins, however, prices are being increased, the,United States 
being responsible for a great deal of the high-priced raw nfeterial. 
In July nearly two million woolskins were sold to the States, as 
compared with 34,000 in the same month of the previous year. 
For the seven months ended July we shipped nearly 3| million 
skins, as against 400,000 for the same period of 1922. For the 
eight months ending August, 1923, the exports of English woolled 
skins were 13,844 cwt., against only 4843 owt. for 1922. 

During the last three months of 1923, the wages of American shoe 
operatives have been increased by 11%, which brings them back to 
the war-time peak,* The suggestion was put forward in last yeaf s 
Report that there must be a scarcity of leather in the States, 
otherwise British tanners would not be finding such a profitable 
outlet for their productions in that 'country. American suede 
calf has been difficult to obtain for some time ptet. Practically 
no American sole leather is being imported into this country, 
and with the exception of glazed kid and patent leather, very little 
high-grade leather is conung from America. ' 

* Of. Ann. Rept»., 1922,7. 334. 

• Leather Trades Bev., 1923, 842. 
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‘Sole leather tanners are enjoying a period of prosperity wmon is 
unique in many respects! Ihere is an absence of American com» 
petition and excluupge vagaries render French competition specu¬ 
lative and unreliable. The raw materials have slumped to very 
low limits. Tanning iqaterials have been remarkably cheap, but a 
reaction has set in. The shortage in home supplies of raw hid^ has 
been counterbalanced by foreign supplies of dried and dry-salted 
bides. On the other hand, shoe manufacturers have been exceed¬ 
ingly keen to purchase low-priced leather, and it has been impossible 
to obtain any advance in prices, which are almost pre-war. 

The demand for cheap solo leather is being met by changed 
methods of manufacture. Before the war sole leather was given 
“ suspenders,” “ handlers,” “ layers,” and “ dusters,” and the 
tannage required about throe months or longer. Some of the larger 
lanyards had proved the efficacy of motion during tannage, and 
hides were enclosed in lattice drums in the liquors and the drums 
■ Could be revolved during the process. This principle was extended 
very considerably during the war, and sole leather is now being 
tanned in from three to five weeks. 

The finished product is firm, waterproof, and cheap. It contains 
a high percentage of water-soluble matter, but according to a 
recent research® this is not detrimental to the wearing properties. 
^The supremacy of the British heavy leather industry is very 
gratifying in view of the fact that most of the leather trades 
chemists are employed by that branch of the trade. The achieve¬ 
ments of the British tanner are due in no small degree to the 
extract manufacturers, and some of the most eminent chemists 
connected with the leather trade are devoting their energies to this 
branch of the industry. 

The chrome leather industry is reviving. Mention was made in 
last year’s report* of its terrible plight owing to foreign competition. 
Several firms have been able to meet this competition, whilst 
others have marked time imtil recently. The French occupation 
of the Buhr has impeded trade with that district, and at the time 
of writing encouraging reports are being received from all the 
manufacturers of chrome calf, as they are findLig a greater demand 
far their productions. Suede and- white calf find a very ready 
market, but producers are hesitating before extending their pro¬ 
ductive capacity on such luxury leathers. Glazed Md is being 
manufactured in greater quantity, but much prejudice is arising 
owing to the unscientific methods 'of production practised by 
served individual firms. There is an urgent need for the appli- 
Oation of more science to this branch of the leather trade, which is 
essentially chemical tanning, but the difficulty appears to be in 

• V.S. Dept, of Agrie. BuU. No. 1188; J., 1923, 1142a. 

' Ann. Bepts.f 1922, 7, 336. 
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securing the right type of trained individual. Either the chemist 
is not practical of the practical man has not had the opportunity 
of a training. It is very difficult to combine efficient training in 
both theory and practice. 

There is the same difficulty in connexion with leather dyeing. 
Seve^jil of the most important leather manufacturers appear to 
have realised the need for a man who has a practical knowledge of 
dyeing and yet who is a highly trained chemist with a thorough" 
knowledge of the chemistry if dyestuffs. Such men are very 
difficult to obtain, and possibly there arc not more than half-a-dozen 
in the country. Yet writer believes that there is a great field 
for those who can apply their knowledge to the particular problems 
of leather dyeing and finishing. Such men always improve* the 
standard of production, and that is an achievement in these days of 
keen competition. There are many problem.!, such as fading, the 
effect of fat liquoring, and difficulties in finishing, which are 
essentially applied chemistry. 

There have been two notable contributions to the literature of 
the trade. M. C. Lamb’s “TheManufacture of Chromo Leathers’’* 
is a most excellent book, and will prove a valuable aid to this 
branch of the industry. It is the first English publication on this 
subject and is, therefore, the more welcome. It describes the 
preparation of the pelt for tanning, the one-bath and two-bath» 
methods of chrome tanning, and the finishing of different kinds of 
leathers. J. A. Wilson has published a book on “ The Chemistry 
of Leather Manufacture,’’® which is unfortunately spoilt by the 
author’s strong personal views on the theory of tanning, bating, 
and methods of tannin analysis. • 

The Society of Leather Trades Chemists held its biennial con¬ 
ference at Barcelona in September, and some important alterations 
were made in the methods of analysis, which are described later. 
Official methods have been adopted for the analysis of chrome- 
tanned leathers. Dr. Kokard, Director of the British Leather 
Manufacturers Research Association, delivered two lectures’ on 
November 29th, and described the results of the recent work -of 
that association. Same reference to that work is also given below. 

E. Kissling ® has published a book on “ Glue and Gelatin ” ift 
German. It is a practical work and contains very little chemistry. 
It describes the manufacture of gelatin and glue in detail, and 
contams a very large list of references "to patents. One section is 
devoted to the valuation ot glue, gelatin, by-products, and raw 
materials. J. Alexander* has written a monograph on the same 

® Chem. and Ind., 1923, 739. 

^JtSoc. Leader Trades Chem.i 1923, 7, 457. 

^ Chem. and lnd.t 1923, 1213. 

•Ibid., 1923, 838. 
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subject, which furnishes a well-digested survey of the research 
work already done on these materials. The chemistry of glue and 
gelatin is treated very ably, and considerable stress is laid on the 
importance of hydrogen-ion concentration. The author expresses 
the view that no one' has hitherto made or experimented with 
chemically pure gelatm. The ash and water content of the gdlatins 
used in various researches is rarely stated. The best book on this 
subject is one published at the close of 1922 by R. H. Bogue“ on 
“ The Chemistry and Technology oi Gelatin and Glue,” a compre¬ 
hensive w ork of 644 pages. It is of the greatest value to the chemist 
in the glue and gelatin trade, as a large portion of the book is 
devoted to the testing of glue and gelatin. A large number of 
physical and chemical methods is described, and the author empha¬ 
sises the importance of determining the value of a 1% solution 
of glue. He also includes an account of most of his own work 
dealing with the uses of glue as an adhesive, and he deals fully 
with the factors affecting the strength of a gliied joint. 

CuRiNo AND Soaking. 

Curing and soaking have been scientifically investigated during 
the past two or three years, and the investigations have resulted in 
some interesting discoveries. 

G. D. MoLaughbn and G. E. Rockwell** have continued their 
researches on the bacteriology of the curing of hides and skins. 
There are various factors which influence the growth of bacteria on 
hides and skins during the curing process. A certain amount of 
salt ie necessary to inhibit the growth of bacteria. Erom 10 to 
16% of salt is neceasary in the absence of blood, dh-t, etc. The 
presence of nutritive materials in the brine, such as blood, manure, 
dissolved hide substance, etc., favours the growth and development 
of bacteria and necessitates the use of larger percentages of salt in 
order to produce any inhibitory effect. The present methods of 
curing are most unfavourable for their purpose. The propor¬ 
tion of skin to brine is greatest, there is a high concentration cif 
blood in the brine formed in the skins, the repeated use of salt 
increases the amount of protein matter which it contains, and there 
is a grave danger of the brine becoming alkaline due to the putre¬ 
faction of the blood and protein. The skins should be thoroughly 
washed and brined, then salted. In this way the blood and dirt 
will be removed before brining, the pfoportion of weight of skin to 
brine can be regulated, the reaction of the brine ckn be controlled, 
and the rate of diffusion of salt into the skin is a maximum. 

R.H. Pickard*^ states that the difficulty of softening back-dried 

*"d., 1922, 57Cii, 

** J. Amer. Leather Vhem. dsfioc., 1923,18, 233 ; J., 1923, 732 a. 

** Leather Troths Bee., 1923, 944; Chm. and Ind., 192^, 1213. 
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hides is due to the aoagulation of the “ hide albumins,” gartioularly 
the cementing substance, and sodium citrate solution softens such 
hides very quickly. One piece was softened Iby this means in 
I hour. Before the dried hide or skin can be rendered responsive 
to water, lime, or tan, this eoagnlatod cementing substance must be 
removed in order to separate the fibre and fibrils. The use of 
trypsin for its rcmo\'ait has been provisionally protected. 

6 . 1). McLaughlin and E. Al. Theis'’ have continued their work 
on curing processes. They showed in their previous work that the 
time between Saving end salting had a great influence on the 
yield of leather and the imoant of swelling given by the hide. In 
their most recent work they have compared the properties* of 
“ Prigorifico ” hido.s and “ native ” hides. Frigorifioo hides are 
first washed with water, and then immersed in a saturated salt 
solution for a numoer of hours prior to salting. Native hides are 
salted without washing or brining. Native hides decomposed much 
more rapidly than Frigorilicos, as .shown by the amount of ammonia 
formed on leaving pieces of each in water in a closed vessel for 
several days. At the end of the eighth day the native hide had 
lost 10% of its weight. A 10% salt soak instead of water checked 
this loss and reduced it by half in a period of 8-11 days. Hide 
soaked in plain water lost 8-:i3% of its weight during the soaking 
period, whereas hide soaked hi 10% salt solution gained 8-33% over * 
its original weight. It has been shown that the difierence between 
a salt soak and water is not due to the absorption of salt by the 
hide, because the whole of the salt will diffuse out again in 48 
hours. Increased temperature stimulates the ps..ductign of 
ammonia and the hydrolysis of the salted hide. Dissolved protein 
matter, blood, or similar material hicreasos the amount of hydro¬ 
lysis. Further experiments have shown that the ash content of 
the hide diminishes during soaking. The mineral salts present in 
the skin consist of sodium, potassium, calcium, magnesium, silica, 
aluminium, and iron compounds. When fresh corium is soaked 
in water the physiological mineral constituents diffuse out, water 
diSuses in, and soma of the protein is dissolved. The ash of the 
corium diminishes from 0’37% to 0-14% in two hours, and 0t)65%, 
in six hours. When fresh corium is soaked in water containing the 
physiological salts in the same proportions as they are present in 
the oorium there is a much less rapid loss pf ash, but a slight increase 
in the amount of proteis dissolved. The most sigrjficant feature 
of the loss of mineral matter by the corium is its effect on its swelling 
power. The following table shows this:— 

, Physiological 

• Water. salt solution, 

Swellinfl in 24 hours.4% .. 16% 

Original ash lost in soak .. .. 88% .. 19% 

** J, Atner, leather Chm. Amc., 1923,18, 207 ; J,, 1923, 899a. 
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The paper concludes with the following rctoarks :—“ We note 
that skin hydrolysis is affected by previous history and method of 
curing, and the maiiner in which it is soaked. If, in curing skin, 
we soak it in water unduly, prior to brining or salting, an irre¬ 
versible change in the«skiu ensues. If, in soaking the cured skin 
in the tannery, certain conditions noted exist, a rapid decom¬ 
position of the skin is brought about.” In a further paper,** the 
same authors deal comprehensively with the science of soaking ; 
their findings up to dale may bi; summarised as follows:—(1) 
Previous history and curing of skin, (2) water content of s^ 
when soaked, (3) direction of movement of substances into and out 
of skin, (4) character of protein dissolved, (5) character of Soak 
water, (6) concentration of salt in soak and rate of its outward 
difiusion, (7) acidity or alkalinity of soak, (8) temperature, (9)* 
proportion of weight of skin to weight of soak water, (10) period 
of soaking, (11) effect of changing soak water, (12) chemical 
effect of antiseptics, (13) compositibn of soak waters from various 
tanneries. The previous history of a hide has a great influence 
on the soaking. Partially decomposed hides required a modified 
soak. “ Native ” hides are not as well cured as “ frigorifleos.” 
The cure in frigorifleos is more uniform, and hence the sweUing of 
the hides in the soak is also more uniform. The drier a hide the 
longer is the period of soaking required. In curing with salt, the 
bulk of the salt enters through the flesh side of the hide, and in 
soaking it leaves on that side. If hides are fleshed before soaking 
they lose more protein matter than unfleshed hides. The inorganic 
and organic constituents of soak waters affect the swelling and 
soaking of hides. Ferrous sulphate and magnesium sulphate in a 
water produce great swelling, probably owing to the hydrolysed 
acid. Salt solutions produce less swelling than distilled water. As 
the concentration of the sodium chloride solution is increased, the 
eunount of nitrogen present as ammonia in the soak is diminished, 
and the amount of uncoagulable nitrogen also diminishes, showing 
Qiat less collagen is dissolved in a stronger salt solution. Acids 
and alkalis increase the amount of swelling produced, and also the 
amount of hydrolysis. As the temperature' of the soak water 
rises, the development of bacteria increases, and more of the skin 
is dissolved, with the consequent decrease in soak and “ white 
weight ” gains. As the proportion of soak water increases, a 
greater percentage of protein is dipolved, a greater-degree of 
hydrolysis ocCius, and the rate of outward diffusion of sodium 
chloride is increased. If too small a proportion of soak water is 
-used the swelling in soaks and limes is lessened, and the softening of 
the skin is slower. There is an optimu^fi period of time for soaking 
at eaoh given temperature with a given skin. Beyond this, positive 

“ Amer. Ltatier Ohem. Attoa., 1923, 18 , 324; J., 1923, 899a. 
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damage may result. • The more frequently a soak water is changed 
for one and the ‘same hide, the greater is the total- amount of 
nitrogenous matter dissolved, and the lower the “ white weight ” 
gain. Antiseptics do not appear to diminish either the swelling 
power or the amount of hydrolysis. A new antiseptic*® has been^ 
disoouered for anthrax. Hides are soaked in weak solutions of 
iodine in water or in carbon tetrachloride. A 0'5% solution is 
effective if the proportion ot skin to solution is not more than 
1:9, or the hides can be okhifected with iodine vapour. The 
iodine vapoiw or solution discolours the hides, but the discolora¬ 
tion can bo removed !. means of solutions of sodium thiosulphate. 

Lmroo, Bating, etc. 

B. Hennig am’ A. Lottermoser*® have ftudied the adsorption 
curves of alkalis and sulphides by hide powder. The use of alkali 
bisulphides for unhairing hides and skins has been patented.” 
r. Clotofski**has shown that hides and skins lose 10-15% of hide 
substance during liming unless the lime liquor already contains 
hide substance. A baryta liquor saturated with hide substance 
dissolves practically no hide substance, although a baryta solution 
has a greater solvent action on hide substance than a time solution. 
E. Stiasny and R. Wurtenberger*® find that an equilibrium exists 
between the calcium sulphide and calcium thioarsenite in an 
arsenical lime liquor. On the gradual addition of lime water to 
red arsenic, calcium thioarsenite is formed and it reacts with more, 
lime to form calcium sulphide and arsenite. The whole of the 
sulphur in arsenic disulphide and trisulphide is oihrerted intif 
calcium sulphide by repeated treatment with lime water, whereas 
only a portion of the sulphur in arsenic pentasulphide is thuji, 
converted into calcium sulphide. These authors have shown" 
that milk of lime and red arsenic react completely with each other 
in the cold if the components are finely divided and well shaken 
together, whereas the view has always been held that red arsenic,, 
and lime only reacted when warm. Polysulphides are always 
formed in limes marie from arsenic pentasulphide. Atmospheiah" 
oxygen diminishes the hydrosulphide-ion concentration, causes 
the formation of quinquivalent arsenic compounds, and increases, 
the amount of sulphur rendered ineffective by the formation ol, 
thioaraenate. Red arsenic should be» free from arsenic penta- 
snlphide and arsenic trioxidb. The maximum amusmt of oalciian 
sulphide is obtained by avoiding oxidation and by having the ijed 

“ J.Amer. Leather Chem. Aaeoo., 1923,18, 541 • J., 1923, 1188a. 

'•KoUoid-Z&m, 1923, 32, bl! J., 1923, 236a. 

"B.P. 191,431; J., 1923, 237a. 

« Collegium, 1922,347; J., 1923, 319a. 

« im.. 1923, 43 i J., 1923, 616a. 
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arsenic and lime as finely divided as possiblp. U. J. Thuau and 
M. Massing® have patented a process for unhairing skins by sub¬ 
mitting them to tl(,o aetion of liquid air. J. A. Wilson and A. F. 
GaUun, jun,“ have unhaired skins by means of pancreatin. 

J. L. Collett^^ of the British Leather Manufacturers Research 
Association has published an account of some work carried put on 
the presence and survival of bacteria in lime liquors. He concludes 
that bacteria may survive in lime liquors but they cannot develop, 
and therefore liming effects eannotj be attributed to them. F. C. 
Thompson “ records the existence of other views, and states that 
some still feel that bacteria can play a part in liming. W. Moeller^* 
finds that liming hydrolyses proteins to peptones in the first stage. 
Old limes contain bacteria, and these yield ferments which hydro¬ 
lyse the peptones to amino-acids, and in this way the action of the- 
lime approaches that of a bate. In the bating process the simpler 
proteins are hydrolysed to polypeptides, peptides, and amino- 
acids, which take no part in the tanning process. Klastin fibres, 
muscles, nerves, blood vessels, and ofiier structures containing 
aromatic complexes, e.g., tyrosine, are attacked in the later stages 
of liming and in bating. White collagen fibres ore practically 
unaffected by bating. Owing to the specific action of enzymes, 
art/ificial bates can never replace the natural bates. Artificial 
, bates to bo as effective as natural bates must be prepared from 
the enzymes from living organisms. 

C. S. Hollander®® has published some interesting studies on the 
strength of proteolytic cnzjnnes during the process of bating. He 
has shown that old limes rich in bacteria have a considerable 
effect, in breaking down the elastin fibres, and probably have a 
similar action on the rest of the skin. This effect seems to be 
continued in each of the subsequent processes. The comparatively 
short washing after liming produces a very striking effect on the 
elastin fibres. The modification of the elastin fibres is not a 
function of the batuig operation alone, but of all the beam-house 
processes in varying degree. In this regard it is fitting to note a 
paper by A. W. Thomas and F. L. Seymour-Jones®® on the hydro¬ 
lysis of collagen by trypsin. The acidity of the pre-treatment 
*nd digestion was controlled, and the effects of varying the time 
of digestion, concentration of the enzyme, and the size of the 
collagen particles were examined. Hide powder was used as the 
form of collagen. The optimum hydrion coneentration for the 

“ E.P. 200,763 ; J., 1923, 900a. 

“ Ind. Eng. Chem., 1923, 16, 267 ; J., 1923, 367a. 

“ J. Soc. Leather Trades Chem., 1923, 7, 416 ; Abs., 1924, B, 26. 

“¥6i(i., 1923, 7, 394 J J., 1923, 1084 a. ' 

“ Z. Leder- a. Gerb.-Ohem., 1921,1, 232 ; J., 1923, 107a. 

J. Amer. Leather Chem. Assoc., 1922,17, 638 ; J., 1923, 108a. 

'• J. Amer. Chem. Soc 623,48, 1616 i J., 1923, 734a. 
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hydrolysis was found to be at jj* o-». rrevious ueatmont of the 
ooUagen with solutions of various degrees of acidity did not 
influence the subsequent tryptic digestion, lihe speed of hydro¬ 
lysis increased as the size of the collagen particles diminished. It 
is thought that the action took place at the jiurface of the particles. 
Hydrolysis increased with increasing concentration of the trypsin, 
but it never reached completion under the limits of the experi¬ 
mental conditions cniployed. The maximum amount of hydrolysis 
obtained was 76%, These itj-ults negative most of the previous 
ideas held in regard to collagen, viz., that trypsin acts on all 
soluble proteins, but: t on all insoluble ones, e.g,, collagen. These 
results are confirmed by the studies of E. Stiasny and W. Acker- 
mann,” who find that the action of try[)sin on collagen in the 
presence of neutral salts depends on the degree of swelling of the 
collagen. Potassi.un thiocyanate, iodide, nitrate, and chloride 
give moderate swclhng with A7IOO and NjlO solution-s, a sharp 
maximum with A'/l solutions, and repression with more concen¬ 
trated solutions. Potassium sulphate gives a maximum with NjW 
solutions. The swelling is greater at 37° C. than at 20°. If the 
anions are arranged in order of the maximum swelling they 
produce they agree with the Hofmeistcr series. This is also given 
by solutions of the same pn value, thus contradicting the views of 
Loeb, who contests the Hofmeister series. Numerous experi¬ 
ments have shown that potassium thiocyanate .solutions of N/lOO 
and JV/10 strength have no appreciable influence on the action oi 
the trypsin, but Nil solutions increase the proteolytic action oi 
the trypsin very much. The hide powder is dissolved completely, 
The peptolytic action of the trypsin is diminished, and both affects 
are inhibited by 5N solutions. The influence of the potassium 
thiocyanate corresponds with the degree of swelling. Increased 
concentration of trypsin and temperature have slight effects on the 
action of the trypsin, but they do not affect the connexion between 
the swelling and the proteolytic effect. The same relationship 
holds with potassium iodide, chlorate, and sulphate in their effect 
on the action of the trypsin. In the case of potassium nitrate and 
chloride the effect of^he salt on the enzyme appears to be greater 
than its effect on the hide substance, and no maximum protolytie* 
effect is obtained with Njl solutions. The peptolytic effect of 
trypsin is not parallel with the proteolytic effect. Hide powder is 
more susceptible to the action of trypsin'than pelt. 

The Rohm and Haas Co.*® has carried out eseperiments on 
goatskins which show that an old lime has a considerable effect in 
breaking down elastin fibres. This effect is continued in each of 
the subsequent piocesses. The short washing after liming hSis an 

« Collegium, 1923, 74; J., 1923, 733a. 

** J. Amr. Leather Chem. Aeaoc,, 1923, 18, 516; J., 1923, 1188a. 
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appreciable effect on the elastin fibres. The'modification of the 
ekstin is not a function of the bating operation only, but of all the 
beam-house precedes in varying degrees. The change in the 
elastin fibres is possibly not the only change which takes place in 
the wet work, but the^sffects on the other constituents of the skin 
cannot be studied so easily. W. MoeUer®* has patented a pjocess 
for liming and bating hides with the freshly dried constituents of 
the pancreatic gland and dog’s dung, which are extracted with 
0 -1% solution of calcium hydroxide or magnesium hydroxide or 
both. 

Tanning and Tanning Mateeials. 

A number of new tanning materials have been reported on 
during the year. Heim and CeTcelet®” have analysed numerous 
barks from trees in the Madagascar forests and note several which ' 
-could be utilised by tanners in this country. Rotra bark (B. fotsy 
and B. rmno) is a thick, fibrous bark containing 12-62% of a mixed 
tannin and 12-17% of soluble non-tans, lalona (Weinmannia 
bt^eriarta) bark is a thin bark which is-not so easily extracted -, it 
contains 13-75% of a mixed tannin, 2-68% of soluble non-tans, and 
yields a fairly soft leather which is not so dark-coloured. Filao 
bark {Camarina eguisetifoUa) contains 15-31 % of an easily extracted 
' catechol-tannin, 3-65% of soluble non-tans, and yields a light- 
coloured leather. Badamier bark {Termimlia Catappu), also 
known as Hatafa, is a thin bark, which contains 11-81% of an 
-easily extracted pyrogallol-tannin, 4-44% of soluble non-tans, and 
yields a soft, light-coloured leather. 

A large portion of Freneh Cochin China is covered by forests 
which contain some useful trees for the tanner. Heim and' 
Cercelet^ have analysed a number of oak barks from that country, 
and they appear to be of promise to the tanner. The first is" 
Quercus pseudo-comea, which contains soluble tans 12-2-18-2%, 
soluble non-tans 4-l-7-l%. Oastaopsis sinenaia shows soluble tans 
l?-3%, soluble non-tans 3-9%, which is an excellent proportion of 
tans to non-tans. Most of the barks are easity extracted, giving a 
|}iquor which keeps fairly well. The liquor gives a soft, dry 
tannage with a very pale colour. There are a large number of 
varieties of Quereus pamdo-conm, a few of which are very poor 
in tannin content, but many of thtf varieties examined contain a 
workable percpntage of tannin and only a small amount of non-tans 
so that they should prove of real value to the tanner and extractv 
manufacturer in search of new supplies of raw materials. At 
pi^ept China and Japan absorb the available supplies of otti,, 

••E.P. 199,937 ; J ., 1923, 900x. 

5oc. Leather Tradee Chem.» 1923,7,361 ; J,, 1923, 1088a. 

^ Le Citir, 1923, 86; Leather Trades Bjsv.t 1923, 191* 
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bark, but there is "a large reserve which could be tapped if tM 
demand was fortnooming. 

Heim and SchelP” have reported on a number of samples of 
mangrove barks from Madagascar. They emphasise the fact that 
the use of mangrove as an adulterant has brought this material 
into'serious disrepute. They describe the different barks found 
along with'mangrove, all of which contain some tannin. The 
Freiberg Research Station has already done some work on 
mangrove barks from South-rTest Africa, and the results showed 
that only the barks of Bhizophora, Bruguiera, Ceriops, and Xyh- 
carpus were of impoi ■ moe The tannin contents of these were as 
follows Bhizophora, 28-42% tans ; Bruguiera, 28-42% tana; 
Xyhearpus, 27-33% tans; Ceriops, 24-32% tans. Large quanti¬ 
ties of mangrove are used in Germany for making raised extracts. 
Samples of different barks from Madagascar have been analysed 
and tested on pelt by the French Colonial. The products analysed 
were Honkolahy, Tsitodona, and Honkovavy mangrove bai;ks, 
and others which were not so plentiful. The following results 
were obtained:— 



Tans. 

Non-tans. 

Moisture. 

Honkolahy .. 

34*96 

/o 

11*04 

14*6 

Tsitodona 

27*23 

6-91 

16-2 

Foby .. 

23-78 

7-28 

13-7 

Honkovavy .. 

.. 23-42 

7*48 

12-4 


Honkolahy, Tsitodona, and Honkovavy give a satisfactory tannage^ 
with good penetration and a fairly full tannage which dries out- 
fairly soft. Foby {Carapa obovata) gives poor results in tanning 
tests, the pelt is not completely penetrated, and it liries out hard) 
although it has a high tannin content. This shows the need feri 
selecting the species of so-called mangrove barks which are used 
if the best results are to be obtained in leather manufacture. 

Various patents®* have been taken out for improvements 
tanning and in the extraction of tanning materials. The principte 
of speeding up by motion is applied to leaching; R. Ried«** 
revfllves or agitates the finely divided tanning material in the 
leach liquor. Various new tanning condensation products have 
been diiovered.®® » ■ 

A. N. Srivastava” has published the results of an investigi^ 
tion of the loss in tannin content of myrobalans during the dryhig 
process. * The fruit is gathered in the "forests of India, and spread 
out to dry, which occupies from fifteen to twenty days. In 

Le Ouir, 88; Leather Trades Sea., 1923, 192. 

" Lederteehn. Bunds., 19U. 

B.P. 200,2«3 i J., 1923, 846a. E.P. 200,979 ; J., 1923, 99U. 

•• G.P. 367,496 ; J., 1923, 612a. , 

“B.P. 200,262 J 1923, 846a. TJ.S.P. 1,460,422 j J., 1923, 8«a, 
IJr.. 1923,2721. 




SSt BEFOBTS OF THE FSOGBESS OJT AFFIIED CHEMISTRY. 

r • 

fost series of experiments, a sample of almost ripe fruit was 
divided into-two parts, each of which was dried fn the shade three 
days, but one portion was crushed. The crushed sample then 
contained 27-5% of tannin, and the whole sample 20-0%. The 
crushing had resulted iij a conservation of some of the tannin, and 
the colour of the crashed sample was brighter. The concljision 
arrived at was that the drying process requires to be accelerated. 
Further tests wore made with crushing and slicing:—Crushed, 
27-5% tannin; sliced, 28-28-5%, tannin. Some varieties of 
myrobalans are very liable to attack by moulds in presence of 
moisture. The tannin content is sometimes halved as a result of 
such attack, and the colour becomes more yellowish. The infeetion 
can be avoided by the use of 0-5% of toluene or 0-26% of phenol, 
or by treatment with sulphur dioxide. 

Theory of Tahnino, etc. 

Additional evidence of the chemical individuality of Chinese 
tannin has been discovered by J. Herzig.®® Mf Nierenstoin®* 
criticises much of K. Freudenberg's work.*® He has shown*® 
that “ Paullinia tannin ” is a normal glucoside and not an acyl 
derivative of glucose. M. Nierenstein*® has also examined a gallo- 
tannin which yielded such a small amount of dextrose that its 
optieal properties must be due to an optieally active leuco-digallic 
acid and not to the sugar. He*® has also continued some researches 
on the pentamethyl derivative of catechin C, which is present in 
root gambier and Pegu catechu. P. Karrer, H. R. Salomon, and 
T. Peyer** haVe produced evidence which establishes the fact that 
the tannin fractions of higher rotatory power from Chinese tannin 
must be derived from pentagaUoylglucose. K. Freudenberg*® has 
separated the 1-anddl-catechins and l-anddl-epicatechins from the 
ethereal extract of Acacia Catechu. 

0. Gerngross and H. Loewe*® find that pelt treated with formalde- 
byde absorbs much more alkali than untreated pelt, and they infer 
ihat there is a chemical action between the basic groups in the Jiide 
protein and the formaldehyde. W. MoeUer’s theory*® of the 
toechanical enclosure of the hide fibrils by the formaldehyde does 
aot explain the increased power of the hide to adsorb alkali. 

Ber., 1923, 66, 221; J., 1923, 192a. 

>• Ber., 1922, 65, 3831 ; J., 1923, 108a. 

« J., 1922, OWa. 

“ Chem. and M., 1923, 601. 

« Anali/st, 1923, 48, 321 ; J., 1923, 990a. 

« Ber., 1923, 66. 1877 ; J., 1923, 1083a. 

“BTtto. Chim. A(da, 1923, 8, 3 ; J., 1923, Z80a. 

« Ber., 1923, 66, 1185 ; 1923, 616a. 

“ Oolhgium, 1922, 229; J., 1923, 23a, 

« Arm. Btpta., 1922, 7, 365. 



LEATTO ASB aiitm. 


m 


W. MotUer^® has,replied to this. A. W. Thomas and S. B, 
Foster find ll»t in all tannin solutions, except quebracho, the 
tannin particles are positively charged bcloy pa 2-0 and nega¬ 
tively charged at and above pn 2-5. 

J. S. Rogers™ has compared the pluipping action of various 
conqpntrations of acetic and lactic acids, and finds that the same 
titralable acidity docs not produce the same plumping. The 
presence of tannin lowers the plumping effect produced by these 
acids. He has used the daflin method with success. E. C. 
Porter“ has continued his work on the swelling of hide powder, 
using solutions of ■ - utral salts. Neutral salts have a greater 
repressive action on acid-swollcn powder than on alkali-swollen 
powder. The presence of sodium chloride increases the amount of 
hydrolysis of the hide substance. Porter suggests that the sodium 
chloride actually increases the activity of thv hydrogen or hydroxyl 
ion. J. A. Wilson and A. P. Gallnn, junr.,®® have obtained two 
points of minimum plumping of calf skin, one at p^ 5‘1 and the 
other at pn 7-6, but W. R. Atkin attributed one of these to the 
presence of salts and afiBrmed that there was only one point of 
minimum plumping, viz., pa 4'7. W. Moeller®® has recapitu¬ 
lated the physical theory of tanning. Liming with alkalis or 
swelling with acids causes a partial breaking up of the micells and 
a small amount of hide substance is lost. All tanning agents 
prevent hydrolysis. Synthetic tannins are really strong acids and 
act as such. Free hydrogen ions have a destructive effect on 
hide substance, and all ionic theories of tanning are therefore in 
his opinion wrong. The essential constituent of a tanniiig solution 
is an absolutely insoluble substance or a substance «nich forms an 
insoluble product in contact with the hide substance. This sub¬ 
stance must be converted into a colloid sol by peptisation. Leather 
is produced by the adsorption and deposition of the insoluble 
peptised substances on the individnal micells of the micellar bands. 
Although many chemists do not believe in Moeller's peptisation 
theory, recent scientific work is confirming the most essential part 
of it. J. Alexander®® has pointed out that there are three colloidal 
elements in pelt. ®oarse particles of tanning agents lack diffnai- 
bility. Protectors tend to deflocculate the tannin ; low ps tends 
to coagulate it. R. J. Browne®* has prepared collodion filters 

“Z. J>(!er- M. Ocrb.-Clum., 1922, 2, 252. • 

« Ind. Mnn. Ghem., 1923, IS* 707 ; J., 1923, 844a. 
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“ J , Amer. Leather Ohem. Assoc., 1923, 18, 400 i L, T, B ., 1923, 866. 
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*(r)lioli could remove the whole of the soluble matter from a tannin 
solution, others which removed a portion of the tannin, whilst 
some were capable of filtering off the tannin only; these results 
indicate that the differentiation of tannins from non-tannins is 
merely one of size of colloidal particles. 

D. Burton, R. P. Wood, and A. Glover" have continued their 
valuable researches on chrome tanning. They have comjjared the 
precipitation figures of a series of violet and gieen chrome liquors 
with the hydrion concentrations. The precipitation figure is a 
function of the initial hydrion concentration, and it has been 
found possible to calculate the initial hydrion concentration from 
the precipitation figure. The precipitation figure is dependent on 
the nature of the basic chromium, the temperathre, and the con¬ 
stituents of the solution. They have also studied®® the tanning 
properties of several chrome liquors. The rate of adsorption from 
liquors reduced with glucose, sulphur dioxide, and sawdust 
respectively and neutralised chrome alum solution, increased in 
the order given and the precipitation figures diminished in the 
same order. The same authors®* have prepared insoluble com- 
^unds by treating chromium sulphate with sulphuric acid. They 
have also investigated®* the effects of flour, glucose, sodium acetate, 
sodium chloride, sodium sulphate, soluble starch, sulphqnated 
^stor oil, and sumach on the tanning properties and the pre¬ 
cipitation figure of a chrome liquor. More chromium is-srisorbed 
in presence of flour. D. Burton®^ has shown that the amount of 
alkali necessary to start precipitation is increased by the addition 
of neutral salte. The increase is not proportional to the amount of 
added salt. According to R. E. Liesegang*® green solutions of 
chromium salts diffuse leas quickly in gelatin, have a greater 
swelling effect, and a less tanning effect than violet solutions. 

E. L. Seymour-Jones®* has been unable to confirm F. C. 
■Thompson and W. R. Atkin’s theory®* of the existence of a nega¬ 
tively charged colloidal complex in chrome tanning solutions, 
fie has established its presence in some tanning liquors but not in 
all. E. Stiasny®® has summarised a great deal of valuable infor¬ 
mation on judging'the tanning ■ value of cjkrome liquors. He 
discusses the constitution of some of the green and violet forms. 
The addition of neutral salts favours the formation of green salts. 

” J. Soc. Leather Trades Ckem., 1023, 7, 37 ; J., 1923, 280a. 
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Pelts should be tanned first with a liquor of high preoipitati^ 
figure, and later 5ne with a low precipitation figure should be us^. 
Ageing affects the properties, the hydrolytic lequilibrium and the 
colloidal character. The hydrion concentration altera as the'5 
liquor stands, due to hydrolysis after dilutipn or to polymerisation 
of basic complexes. 

C I. 

Analysis. 

•The most interesting work d’lring the year has been in connexion 
with the analytical processes. Leather chemists are well aware-* 
that there is urgmt r: d for improvements and a greater degree of 
concordance, but the present methods do not merit the scathing 
indictments which have been heaped upon them from se'veral 
quarters. The attempts of J. A. Wilson and E. J. Kem®* to 
supersede the offi'-lal shake method of analysis of tanning extracts 
and materials have resulted in voluminous evidence, both analytical' 
and fundamental, of the unique superiority of that method. The 
biennial conference of the Society of Leather Trades Chemists has 
adopted the methods of analysis of chrome leather recommended 
by the committee appointed to investigate that branch of work. 
This marks a new and welcome departure in the work of that 
Society. Hitherto the Society has confined its official regulations . 
to tannin analysis. It is expected that official methods -will be 
formulated at the next conference in 1924 for the analysis of lime , 
liquors, chrome tanning liquors, and chrome and vegetable tanned 
leathers. 

W. R. Atkin and A. Gardner®’ have proposed the use of tetra- • 
bromophenolsulphone-phthalein (Bromophenol Blue) as mdicator 
in determining the temporary hardness of water. 

Liming. 

A committee of the Society of Leather Trades Chemists formed 
during the war has been actively at work during the last three 
years. The results have been very valuable. The first general 
repoft has been published during the year by F. C. Thompson.*^ 
It describes the objects and effects of liming and indicates what 
chemical properties and constituents of lime liquors may possib^' 
influence these effects. The importance of the hydrogen-ion con¬ 
centration on plumping and swelling is duly stressed and also ^ 
eflect on the solvent action pf the liquors. Determinations of the 
temperature, hydrogen ion concentration, cau^lio alkalinity, 
sulphides, and ammonia are considered to be the most impcHtanl 
in controlling lime liquors. The methods of analysis have been 

" Ann. Bepta., 1920, S, S5S. 

” J, Sob, Leather Tmdee Ohem., 1923, 7, 87; J., 1923, 372a. 

“iWtf., 1923, 7, 394,! J., 1923, 1084a. 



398 


BBPOSra 01 THE PTOORESS.OE'AirtlED CHEMISTEY. 


entirely changed during the last ten years and fresh methods of 
analysis have been evolved for the determination of alkalinity, 
sulphides, amino-aciUs, and total alkalinity. These have been 
published in previous years. The sulphide determination has been 
revised again. W. R. Atkin*’ has applied the law of mass action 
and shown that the previous methods were theoretically unsohnd. 
In the new method 25 c.c. of the sulphide solution or lime liquor is 
added to 25 c.c. of a stock solution containing ammonia A/2 in 
strength, and also 12-5 grams of ammonium chloride per litre. 
The mixed solutions are then titrated with J1//20 zinc sulphate 
solution, using load acetate paper as external indicator. J. A. 
Wilson and A. F. Gallun, junr.,™ have shown how to measure the 
plumpuig power of different solutions by means of pieces of 
oaMslii and a thickness gauge. -S 

Tannin Analyma. 

This has been very fully reported on during the year and 
numerous investigations have been carried out to elucidate the 
best conditions for seciu'ing concordant results. A very frequent 
source of discrepancy in tannin analysis arises from the deter¬ 
mination of the soluble matter. Filter candles and filter papers 
adsorb some of the dissolved matter. It is difficult to determine 
when a solution is “ optically clear ” as stipulated in the official 
method of tannin analysis, and when solutions which contain a 
large amount of insoluble matter are being filtered the pores of the 
filter paper or candle become lessened in size and filtration is 
ohang^ into ultra-filtration. Recent experiments in the Procter 
International Research Laboratory, Leeds, have shown that it is 
possible to prepare membranes which will filter out any quantity 
of soluble matter from clear tannin solutions, and there is no 
doubt that this often ocoius when tannin solutions are filtered for 
analytical purposes ; henc6 the discrepancies. F. C. Thompson" 
suggests the determination of soluble tannins by the subsidence 
of the insoluble matter. The tannin infusion is poured into a 
glass cylinder about 6 cm. diameter to a height of exactly 20 cm. 
h mark is made on the wall of the cylinder exaetly 5 cm. below 
the surface of the liquor. The solution is allowed to stand exactly 
2 hrs., during which time the heavier insoluble particles settle 
out, leaving only very finely divided matter in suspension. 60 c.c. 
of the settled liquor is withdrawn from the liquor above the mark, 
and this is used for the determination of the soluble matter. This 
method obviates the errors due to different judgments on “ optical 
cleamtss.” Filtration, with its varied ^ffiouUies and uncer- 

•• J. Soc. Liather Tmdet Ohm., 1922, 6, 427 ; X, 1923, 152a. 
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tainties, is dispeps^d with. The tin>e involved is limited and * 
there is no loss of time through slow filtration. ‘ There are 
differences between the results obtained hjP this method and 
those obtained by filtration, but these should not prejudice us 
against the new method. At present none*of the insoluble matter 
which can be filtered out is classified as tans, whereas it is well 
known that insoluble matter can tan, and there is direct evidence 
to show that some of the material classified as insolubles is “ tannin.” 
L. Matrod™ has devised a special filtering apparatus including a 
Berkefcld filter candle. The candle is enlirely surrounded by as 
small a quantity of liquor as 20 c.c., so that filtration is quicker 
and less liquor is w'asted. P. Chambard,G. Hugonin, and Bnin” 
have passed various criticisms on the official method of filtering 
tannin solutions. They have suggested that the insoluble matter 
should be determined by centrifuging the solutions for 10 min. in 
tubes 25 cm. long at 4000 revs, per min. The results obtained 
are much lower than those obtained with the filter candle; e.g., 
dry and liquid quebracho extracts yielded respectively 2'5% and 
04% by centrifuging and 9’0% and 5-0% by the filter candle, pre¬ 
sumably because very fine particles of suspended matter are not 
removed at the above sjjeed. The Society of Leather Trades 
Chemists has not investigated these methods, but has compared 
filtration by filter paper and by filter candle, and it was decided at* 
the recent conferencethat taimin solutions must be filtered 
through a Berkefeld candle, and in order to avoid differences in 
the make and textmo of the candle they must be procured from the 
same source, viz., A. Hough of Paris. 

The official “ shake ” method of tannin analysis has been sub¬ 
jected to the usual crop of criticisms. 0. Crasser’® states that it 
gives very uimeliable results, whereas the filter-bell method shows 
better concordance. A second detannisation of the tannin solution 
removes a further portion of “ tans ” and the “ non-tans ” are 
then colourless. This is the usual argument, and it is recognised 
that if “ non-tannin ” solutions are shaken with a fresh batch of 
hide powder the latter will adsorb some of the soluble matter, but, 
it is not adsorbed under the conditions laid down by the official 
regulations, and it is not adsorbed in practice to any appreciable 
extent. L. Poliak’* has replied to Crasser, and states that both 
methods are equally reliable for whatHhey determine. Non-tan 
filtrates need not necessarily'be colourless. He has.nsed Crasser’s 
own figures to prove his statements. E. J. Browne’s work on 

^ J. Soc. Leather Tradea Chtm., 1923, 7, Ui7 ; J., 1923, 510a. 
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• oltea-filtration®* has dispelled a great deal of soeptioism which has 
been caused by the attacks of Wilson and Kern.*’ G. W. Schultz” 
has conducted a scries of experiments with purified galotanmc 
. acid and hide powder from which he deduces that the official 
shake method is in errcr to the extent of 1'6%, whereas it a more 
concentrated solution was used, viz., 2-3 g. per 100 c.c., the error 
would be only 0-7%, which would amount to 0-2% ol tannin in a 
26% extract, W. Moeller” has criticised both the quantitative 
and qualitative methods of distinguishing tans from non-tans, 
and states that the properties of the different vegetable tannins, 
are a function of the properties of the peptiser present in the 
tanning material. 

Most valuable support for the official “ shake ” method of 
analysis has been forthcoming from a committee of the French 
section of the Society of Leather Trades Chemists,” which has 
decided in favour of filtration by the Berkefeld filter candle, rapid 
cooling of solutions, and detannisation with chromed hide powder. 

' The work was continued®’ on six different extracts. All graduated 
glassware was calibrated, silver dishes were used for evaporation, 
freshly filled desiccators were employed, and only two dishes 
placed in each for cooling. A combined water-oven and water 
bath was used for evaporation, and the rapid weighing balances had 
aprecision of 0-2 mg. The distilled water used was perfectly neutral 
and contained less than 0-003 g. of residue per 100 c.c. The kaolin 
was washed with acid and was neutral to phenolphthalein. Various 
tests are stipulated for the purity of the kaolin and the condition 
of the hide powder. The committee was of the opinion that still 
greater concordance could be obtained by more exactly defining 
the operations of chroming, washing, and weighing of the hide 
powder. Specific instructions were Sent out to the members of the 
committee, and these were rigidly adhered to in some further 
analyses which were carried out.*^ liquid extracts were shaken 
in a machine until any deposit was intimately mixed with the 
rest of the sample. Pasty extracts were warmed in the water bath 
at 45° C,, and then shaken. After shaking, the extraef was 
pooled to 17°-18°, and sufficient weighed out to contain 3-75-4-26 g. 
of tannin. The extract was dissolved in 900 c.c. of distilled water 
'at 85°-90°, cooled rapidly to 18°, made up to 1 litre and the analysis 
commenced at once. Thqhide powder was chromed for one hour 
with basic chromium chloride solution and allowed to 4tand over- 
niglit. for at least one hour after shaking, then filtered and washed 
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five times. The r&ults were better but'the non-taM did ad 
agree too well. It was thought possible that the quantity of hMe 
powder used was excessive, and that the dl the hquors should 
be adjusted. J. A. Wilson and E. J. Kem“ have observed that 
the Pa value affects the percentage of tannm as determined by the 
ofSckl “ shake ” method, but not as determined by their own 
method of tannin analysis. 0. E. Knowles® and a committee of 
the British section of che Society of Leather Trades Chemists have 
been unable to discover muen variation in the tannin analysis 
figures with various p„ values except in the case of the insolubles. 
The insolubles increav slightly with increased acidity and are 
more easily filtered off. Decreased pa value coincides with increased 
flocculation of the insoluble matter. 

Further detailed instructions are given in another report®* from 
the French committee. Barks and woods should be ground in a 
Mussner mill until they pass through a 25-mesh sieve. Greer 
barks should be dried. Myrobalan nuts should be stoned and th( 
two portions analysed separately. Valonia cups and beard shoulc 
bo separated for analysis. Dry extracts should be dried, weighed 
and powdered before analysis, and paste extracts also. Tanaii 
infusions should contain 3'8-4-2 g. of tannin per htre, otherwist 
the amount of non-tannin adsorbed will vary. Crude materiali 
should be e-xtracted in a Procter extractor after having beei 
soaked overnight. Five quantities of water (100-125 c.c.) at 50° C 
should be added to the extraetor during one hour followed bj 
boiling water until 1 litre of extraet has been obtained. Con 
cordant results were obtained by this means for sumach, quehraohe 
wood, solid quebracho extract, and gambler paste, but not foi 
chestnut wood and myrobalans. The committee advised mon 
detailed specification of the type of mill, the extractor, the numbei 
of changes of water, the time of extraction, and the volume d 
water. J. Paessler and H. Sluyter*® record a recent experience ii 
which the discrepancies between the results from two analysts oi 
a sample of sumach were due to one analyst extracting 2 litaw 
whilst the other adhered to the official regiilation of 1 htre. H 
Auerbach®® considers that the Koch extractor is not efficient, ant 
suggests an entire revision of the official methods of tannin analysis 

The practical colour measurement of vegetable tan hquor ha 
occupied the attention of several workefS during the year, E. 0 
Philhps and L. R. Brown*’ pve details for preparing and filterinj 
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tannin solutions previous to tho measurement o^ the colour. Not 
more than 75 minutes should elapse from the time of dissolving to 
the time the tintofiioter reading is taken, as the solutions darken 
on standing and much more so if filtered. T. Blaokadder*® has' 
evolved a method whereby each colour is measured separately. 
The depth of standard solution which passes half the light of the 
particular colour is measured in mm., hence the higher the readings 
the more transparent is the solution and the lighter coloured is the 
tanning material, H. R. Procter ^ has determined the half-light 
curve for a 20% iron alum solution, i.e., the depths of iron alum 
solution necessary to match half the colour at different parts of 
the spectrum transmitted through a spectroscope from a standard 
iUuminant. Half-light curves for tannin solutions of analytical 
strength have also been obtained. Tannin solutions have been 
compared with the iron alum solution without a spectroscope but 
using ruby and copiier-green glass screens respectively. The 
tannin solution is poured into the fixed cell and the iron alum 
solution in the adjustable cell. Tho method appears to bo full of; 
promise and obviates many of the difficulties attached to the 
Lovibond tintometer. 

M. do la Brucre*’ has examined solutions of chestnut extract 
and quebracho extract, pure and in mixture, by the spectroscope 
in the ultra-violet region, and claims that it is possible to determine 
the proportion of each from the form of the absorption spectrum, 
but M. C. Lamb and V. (!. W. Brown“ have been unable to confirm 
these claims. 

A krge amount of work has been can ied out on leather analysis. 
L. Balderston® considers that slicing is the best method of pre¬ 
paration, since each slice includes the whole thickness of the leather, 
the loss of moisture is slight, and there is less heating. Tho Society 
of Leather Trades Chemists favours sawing or giinding, although 
this must cause more heating, a .greater loss in moisture, and more 
change in the grease contained.®® Tho best method of determining 
the grease content has not been fixed yet. A. M. Hey*® has shown 
that the presence of moisture in leather results in a greater amount 
t)f extract with both chloroform and petroleum spirit. G. W. 
Schultz** contends that oxidised and polymerised oils should not 
be included in the oils and grease extract, and if these are required 

J. Amer.'Ijeaiher Chem. A^si^c., 1923,18,194; J., 1923, 068a. 

J., 1923, 73t. 

‘’0 J. ,SVx-. Leather Trader Chem., 1923, 7, 121 ; J., 1923, 413a. 

'•'Ibid., 1923, 7. 236 ; J., 1923, 789a. 

J. Avut. Leather Ohem. Assoc.t 1923, 18, 164 ; J., *1923, 51 1a. 

Soc. Leather Trader Cfwtn., 1923, 7, 630. 
bid., 1923, 7, 386 ; J., 1923, 66a. 
bid., 1922, 6, 389 ; J., 1923, 66a. 



LEjlTEISIt 4trD OLVB. 


403 


then two extraetioms should be carried out, one with petroleum 
spirit and another with some suitable solvent for oxidised and 
polymerised products. L. Balderston®® suggests petroleum spirit 
for the extraction and then the determination of the “ fixed oil ” 
by decomposing 5 g. of the extracted leather with alcoholic potash, 
acidifying, and extracting with petroleum spirit. 

G. W. Scnultz®’ disposes of the determination of water-soluble 
matter in a somewhat arbitrary manner by claiming that the 
excess tanning material extracted at 50° C., as compared with 
4°, is adsorbed tannin and as such is part of the leather. The official 
method of deterininat ! m includes a large percentage of adsorbed 
tamiin, which imparts to the leather solidity and firmness. JO g. 
of the leather should be extracted with 2 litres of water at 4° C. 
This temperature appears to be very arbitrary. 

H. Rose** has compared the action of different accelerators in the 
Kjeldahl process. 0. Gerngross and W. E. Schaefer®* have worked 
out a micro-Kjeldahl method of determining nitrogen, which can 
be used on leather. G. Rehbein'®® has evolved a micro-Kjeldahl 
process. 

The determination of free mineral acid hi leather has claimed a 
good deal of attention during the year. S. Kohn and E. Crede^®' 
propose an electrometric method in which the changes in the|^ 
value arc noted of a water solution in equilibrium with the finely 
divided leather, following consecutive small additions of alkali. 
This method is claimed to prevent the reporting of synthetic 
tamiins as free mineral acid. M. Jalade**® has modified the 
allowance for sulphur in the Balland and Maljcan method, and has 
increased'it to 0-30%, which is claimed to give better results. 
W. Jlocllcr describes the effect of the sulphonio group in syn¬ 
thetic tannins on leather, and M. Auerbach*®* has tried the effect 
of sulphuric acid on different leathers at different temperatures. 
C. van der Hoevon*®* has a new method for the determination of 
free sulphuric acid in leather. R. H. Kckard*®* has criticised 
leather analysis generally and the proposal of the British Boot, 
Shoe and Allied Tt'ades Research Association to test for free 
mineral acid in leather by means of Thymol Blue paper. 
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Chrome Leather and Tanning Liquors. 

An official method has been passed by the Society oi Leather 
Trades Chemists. The details have been given already.*®' An 
alteration has been made in the form of expression of the basicity. 

A very important decision*®* is that regarding the form of 
expression of the basicity of chrome liquors. The present system 
leads to a good deal of confusion; the less basic a liquor, the 
greater is its basicity. The Schorlemmer method has been adopted, 
according to which the basicity figure is:—^Amount of chromium 
combined with hydroxyl x 100 -r total chromium, i.e., the 
chromium present in excess of that required to satisfy the valencies 
of the acid in the salt Cr^Rj, expressed as a percentage on the 
total chromium. The following are examples 

rresent method. Above method. 

Cr2(SO,)s .144 .. 0 

ars(OH)j(SO,), .. .. 00 .. :i3-3 

Crj(OH),SO,. 48 .. 06-0 

Crj(OH), . 0 .. 100 

The method of determination is quite simple. Instead of c<ilcu- 
lating the equivalence of the N/i NaOH in terms of SO 4 , it is 
calculated to the equivalence of the SO 4 in terms of Cr assuming 
that the SO 4 was combined with Cr only (e.o. NjZ NaOH x 
9-0008G5 g. chromium required to saturate SO 4 ). This is dmded 
by the total chromium and multiplied by 100 . 

K. Schorlemmer*®* has devised a method for determining the 
chromium and iron in waste chrome tanning liquors. L. Meunier 
and P. Chambard**® have made a very thorough study of the 
neutralisation of chiome leather and find that if the acid in the 
neutralising agent is weak, the whole of the combined sulphuric 
acid in the pelt can be eonverted into alkali sulphate. They have 
evolved a test for determining the acidity of the leather; 5g. of the 
finely divided leather is shaken with 60 c.e. of NjS sodium biear- 
'bonate and 50 c.c. of water for 3 hrs, then with a further 75 c.e. 
of water for 1 hr., finally with 50 c.c. for 1 hr., and the remaining 
sodium bicarbonate is determined. The method promises to be of 
; great value in determining the basicity of the chrome salt on the 
fibre, but the leather should be first degreased and extracted with 
boiling water. L. Balderston*** describes a method of analysing 
chrome leathers containing barium. W. R. Atkin and P. C. 
Thompson**® suggest thymoiphthalein instead of phenolphthalein in 
the titration of two-bath chrome tanning liquors. 

J. Soc. Leather Trades Ohem., 1019, 3, 194. 

w® TWd., 1923,7, 413 ; Ahs., 1924, B, 26. 
p ’ <7oKe^«m, 1922, 247 ; J., 1923, 32^ ‘ « 

J. Son. Leather Trades Chem.y 1923,7,76 ; J., 1923, 396a. 

^ J. Amer. Leather Chem. Assoc., 1923, U, 491; J., 1923, 1084a. 

^ J. 5oc. SfrodM Oftem., 1923,7r 59 »/•» 1923, 281 a, 
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V. P. Veitcli, R. W. Prey, and I. T). Clarkc“® have studied the 
wearing qualities of various shoo leathers in dry climates. 

Glue and Gelatin. 

Reference has been made above to the very valuable publica¬ 
tions which have appeared on this subject. S. E. Sheppard and 
S. S. Sweet’ll describe a plunger type of jelly stren^h tester. 
W. D. Richardson^® has desciibed the Bloom gelometer for the 
same purpose. The plunger fixed by a rigid bar to the under 
side of a pan attached by a hanger and an adjustable spring to a 
fixed bracket, and an ct ctric device gradually increases the weight 
on the plunger until i(. sinks. R. de Izaguirre’*® finds that the 
variation with time of the viscosity of gelatin solutions in* the 
presence of increasing concentrations of hydrochloric acid shows 
a minimum with i> maximum initial viscosity. Gelatinisation he 
considers is a dehydration and not a new chemical modification. 
J. Knaggs®” has determined the Hausmnnn numbers for diamino- 
acids of the proteins in gelatin. 0. Gerngross and H. A. Brecht“> 
have studied the effect of hydrolysis of a 25% gelatin solution at 
Pk 4-7 at 100“ C. and 7'3 at 55° and 100°. The pg increased 
with alkaline hydrolysis. The formaldehyde titration was difficult 
to perform after feeble hydrolysis and a new method is described. 
The authors have compared the diminution in solidity of the jelly, 
with the increasing nitrogen figure. The decrease in viscosity and 
jelly strength with higher temperatures of hydrolysis has been 
confirmed. Viscosity and jelly strength are independent of each 
other. The adhesive power of a good gelatin is much greater 
than that of a technical glue of the same concentratib .. There is 
no simple relationship between hydrolysis, viscosity, jelly strength, 
and adhesive power. In all viscosity and jeliy strength deter-. 
minations, the hydrion concentration should he noted, since the 
values are much lower at the isoelectric point than at the point of 
neutrality. The adhesive power does not depend so much on 
the pu. 

P. L. Seymour-Jones*i® has contributed some studies on the 
formation of gelatin from hide powder by boiling it with water for 
varying periods of time. A process for manufacturing glue and 
gelatin from waste leather and ossein has been patented by 
J. Landau and E. Trepka.®“ Koln-Rottweil A.-G.®*' have evolved 

V.S.»Dept. ofAgrie. Bull. 1168 ; J., 19J3, 1142a. 

“* Ind. Eng. Chem., 1923, 15,*671 ; J., 1923, 1189a. 

“• Chem. and Met. Eng., 1923, 28, 651 ; J., 1923,413a. 

Anal. Fie. Quim., 1923, 21, 330 ; J., 1923, 1084a. 

Biochem. J., 1923, 17, 488 j J., 1923, in84A. 

Collegium, 1*22, 262 ; f., 1923, 109a. 

“* iT. Soe. Leather Tradee Chem., 1923, 7, 93 j /., 1923, 367 a. 
f O.P. 365,448 J J., 1923, 368a. 

“Ef: 203,276 j. J., 1928, 1086a. 
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another |>rocoss in which split leather scraji^aiid the like is de¬ 
colorised with chlorine dioxide. 

Simidtaneous nogiitive and positive adsorption of Bismarck 
Brown by gelatin and by leather pow'der has been discovered by 
M. A. Rakusin and G. T. Pekarskaja.'^ S. C. Bradford^^* has 
a theory of gels according to which the setting of jellies is merely 
a process of crystallisation. A patent has been ’ gi'anted for 
purifying gelatin and glue.^®* E. Bateman and G. G. Town^®* 
have made comparative tests to' show the diminution of the 
tensile strength of glue with increased hygroscopicity. R. E. 
Wilson and W. B. Ross*** report that the gelling point of a glue 
can,be raised by small additions of chrome alum. E. Lorenz*** has 
worked out a method for determining the sizing colloids in glue. 

'",7. Kims. Phys.-Ohem. Soc., 1916, 48, 1889 ; J., 1923, 414a. 

Biochem. J.. 1923, 17, 230 ; J., 1923, 735a. 

>=' U.S.P. 1,467,466 ; J., 1923, 735a. 

Ind. Eng. Chum., 1923, IS, 371; J., 1923, 511a. 

*« lUd., 1923, 16. 367 ; J., 1923, 611a. 

"*■ Papkrjabr., 1923, 21, 105 ; J., 1923, 611a. 
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SOILS AND FEriTTLTSEKS. 

By H. J. Page, M.B.E., B.Sc., A.T.C., 

Chief Chemid, Rolhtmslsd iiixperimental Station, Harpenden. 

Ill this Report an att ::ipt has been made to confine attention, as 
far as possible, to tliose aspects of the snbject which represent the 
most noteworthy advances during the year on the practical and 
technical side. It will thus be found that many papers have been 
omitted from consideration either because they illustrate practical 
points which are already well known or of minor interest, or because 
their main interest at present lies in their theoretical aspects, and is 
thus more suitably dealt with in the writer’s Report to the Chemical 
Society. 

Fertilisers. 

One of the greatest difficulties encountered in the interpretation 
of the results of experiments designed to test the effect of fer» 
tilisers on crop production and the quality of crops, arises from the 
fact that, in addition to the effect of season, the efficiency of a 
fertiliser is greatly dependent on the nature of the soil and climatic 
conditions, and may thus vary enormously from place to place. 
The only way, therefore, to arrive at a reliable conclusion a?to the 
practical value of a given fortilLser or class of fertiliser, is for the 
same experiment to be repeated for a number of years at a number 
of centres spread over the whole country, so as to embrace the 
most widely differing conditions of soil and climate. This system 
is now adopted at Rothamsted, and is well exemplified in the 
experiments on malting barley,^ as well as in the experiments on 
ammonium chloride,^ and on potash manures.^ 

Nitrogenous Fertilisers. 

During the year under review there has been a steady increase in 
the consumption of nitrogenous fertilisers as compared with the 
previous year, the increase tor sodium nitrate beipg estimated at 
about 25%, and that for ammonium sulphate at about 10%. The 
quantities available for the coming season will prove only just 

' E. J. Russell, J. InM. Brew., 29, 624 ; 1923, 941a. 

2Seep. 412. 

* See p. 419. 
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suJSoient to meet the world’s requirements if .present prospects of 
increased consumption are realised. ' 

Synthdic Products .—steady development is taking place in the 
industrial application of processes for the fixation of atmospheric 
■ nitrogen, and in the production of nitrogenous fertilisers thereby. 
In this country the plant at Billingham was expected to bo ip full 
commercial operation before the end of 1923. It fwiU have a 
capacity of 100 tons of pure ammonia per day, capable of rapid 
expansion to 300 tons. In terms,of ammonium sulphate these 
quantities correspond to 150,000 and 450,000 tons per annum.* 
There has been a falling off in output of fixed nitrogen products in 
Germany in 1923, which wUl, however, doubtless be remedied on 
the festablishment of more settled conditions. The growth of the 
German nitrogen industry is bound to have a powerful influence 
on German agriculture; the position in this coimexion is dealt 
with in an article by F. Honoamp.* Lively discussion has been 
aroused in France by the proposed agreement between the French 
Government and the Badische Anilin nnd Soda Fabrik whereby 
the sum of 6,000,000 francs would be paid to the latter for a con¬ 
cession to work the Haber process, which would be operated at 
Toulouse with a projected output of 36,000 tons of fixed nitrogen 
per annum At preseivt the whole French output of combined 
nitrogen from all sources is 19,000 tons annually, whereas the 
demand is about 110,000 tons. The relative values of the various 
nitrogen fixation processes have been examined in IVance by a 
special commission, which is understood to have reported that 
the Haber and Claude processes were about equally good, though 
tinder some circumstances the latter process had the advantage.® 
This process’ is making good headway; it is in operation at 
Bethune,® where coke-oven gas is used as a source of hydrogen,® 
and a small plant is to be erected in Spain,’® while negotiations are 
in progress for factories in Belgium, Switzerland, and Italy.” In 
the latter country the Fauser process, which is similar in principle 
•to the Claude Casale,” and Haber processes, is operating on a 
small scale.’® In the United States a good deal of attention is 

‘ Ohem. and Ind., 1!I23, 2!>9. 

• F. Honcamp, Z. Pflam. Ding., 1923, 8, B, 147. 

• CAcm. and Ind., 1923, 228. 

’B.P. 171,972; J., 1923, 64a. E.P. 171,970; J., 1923, 96a. E.P. 
177,777 ; J., 1923, 666a. 

® Chem. and Ind., 1923, 501. • 

• ComptM rerk., 1923, 176, 394; J., 1923, 260a. 

» Chem. and Ind., 1923, 624. 

“ im., 1923, 762. 

'•UiS.P. 1,447,123; J., 1923, 353a. E.P. 193,789 j J., 1923, 400a. 
B.P.a97,199 ; J., 1923, 656a. 

“ Chem. and Ind., 1923, 836; Oiom, Chim, Ind. Appl, 1923,6, 171 ; J., 
1923, 601a. 
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being given to the ppssibility of reduoit^ the cost of the oyanamide, 
cyanide,'* and synthetic ammonia'* processes.'* A. process has 
also been patented for the production of oxid^ of nitrogen by the 
action of the streaming electric discharge on a mixture of 
oxygen and nitrogen," by which it is claimed that high yields 
are (;^tained. An account of the present position of the various 
processes ini> operation for nitrogen fixation has been given by 
E. K, Scott.'* 

Of more direct interest to i.he agricultural chemist is perhaps 
the question of the conversion of the primary products of nitrogen 
fixation (i.c., ammonifv oxides of nitrogen, cyanamide, and so on) 
into actual fertilisers. For the production of ammonium salts 
from ammonia two processes are now available, both of which 
offer considerable economic advantages over the use of free sulphuric 
acid. One of these'* consists in the use of synthetic ammonia in 
the Solvay ammonia-soda process, and the recovery of the by¬ 
product ammonium chloride. This process has now been success¬ 
fully worked on the semi-large scale, the ammonium chloride 
being recovered by cooling the mother liquors from the sodium 
bicarbonate to 6°. It has also been found that sylvinite can be 
used in the process instead of salt, thus giving a mixture of potas¬ 
sium and ammonium chlorides.** The alternative process consists 
in the production of ammonium sulphate by the interaction of* 
ammonia and calcium sulphate.*' This is now being extensively 
used in Germany, obviating the need to make sulphuric acid, and 
utilising indigenous supplies of gypsum. 

The production of urea from ammonia and carbu-k dio-ride is" 
now being worked on a semi-technical scale in the United States.®* 
The suitability of urea salts such as the nitrate or phosphate as 
.fertilisers is now being inve-stigated, and processes for the manu¬ 
facture of these salts have been patented.** Attempts con¬ 
tinue to be made to render calcium cyanamide suitable for use 

'lU.S.P. I,441,fi93; J., 1923, 224a. U.S.P. 1,441,695; J., 1923, 224a. 
U.S.P. 1,441,694; J., 4923, 238a. E.P. 191,765; see also E.P. 192,791 ; 

1923, 353a. G.P. 364,589 ; J., 1923, 353a. E.P. 194,026; J., 192^ 
451a. G.P. 370,152 ; J., 1923, 499a. 

" See e.g. U.S.P. 1,465,310 ; J., 1923, 1069a. 

Ohem. and Met. Eng., Deo. 20, 1922 ; Chem. mid Ind., 1923, 80. 

" U.S.?. 1,458,525 ; J., 1923, 929a. 

Chem. and Ind., 1923, 498a 

'•E.P. 130,365,131,870 ; J., 1919, 690a ; 1920, 266a. 

••G. Claude, Gomptea rend., 1923, 177, 782; 1923, 1191a. See also 

Ohem. and Ind., 1923, 1108. 

” Ohem. and ligd., 1923, 435. • 

“ See '•. For the French pronese see J. L. M. Frejacques, F.P. 627,7S. 

•»B.P. 179,644; J., 1923, 901a. E.P. 182,134; J., 1923, 10S7a. 
0,S.P. 1,440,056; J., 1923, 683a. 
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directly as a fertiliser,^'' but except possiblyi as a constituent oi 
mixed manures its future in this (hrection is not hopeful. 

Natural ProdiwlSk —^Tho slump of 1921 in the Chilean nitrati 
indu.stry now scorns to have boon successfully left behind, anc 
exports have increased considerably.^® The price has been very 
stable, having fluctuated only between £11 7s. 6d. and £1.3 pec ton 
J. Stoklasa®* has put forward a general theory of 'the volcanic 
origin of the Chile deposits, and attributes the alleged superiority 
of Chilean nitrate over chemically* pure or synthetic nitrate foi 
sugar beet—of which superiority the present writer knows of nc 
satisfactory evidence—^to its radioactivity, with its iodine content 
as 11 secondary factor. In South Africa an underground store oi 
nitrate-bearing brine has been discovered at Matsap Pan, con¬ 
taining tons of nitrate (mostly of sodium) per 100,000 gallons.®' 
Chinese deposits of saltpetre-bearing earth are now being worked. 
2000 tons of pure salts being produced annually.®* 

The European production of by-product ammonium sulphate 
shows an increase of about .50,000 in 1923 compared with the 
previous year, while the output in the United States has not 
changed materially. Prices in Croat Britain have been steady at 
about £14 15s. per ton. 

A German summary of the literature on the use of crude gas 
liquor as a fertiliser has appeared.®* In pot experiments it was 
found that the harmful olfccts of the toxic constituents of the 
liquor disappeared within eight days. 

* The.'Relative E^ffieiency of Nitrogeiums Fertilisers. 

During the year the results of a number of experiments on the 
relative manurial value of various nitrogenous fertilisers have been 
published. 

Sodium nitrate is in general between 5 and 10"/„ more effective 
than ammonium sulphate ; this relation is confirmed by the rcsnlts 
of W. Schneidewind and F. Munter®* in field experiments, and of 
A. Thomson®®'' in water culture, and it is reflected in the terms of 
aji agreement in Germany between the farmers, the nitrogen 

E.P. 174,599 ; J., 1923, 282a. G.P. 379,418 ; J., 1923, U91a. G.P. 
376,420 ; J., 1923, 901a. G.P. 362,448; J., 1923, 154a. 

“ Ohem. and Ind., 1923, 818. 

“ Compies rend., 1923,176, 1570 ; J., 1923, 715a. 

” iS. Ajr. J. Ind., Feb., 1923 ; Chem. and Ind., 1923, 3r)0. 

** Chem. and Ind., 1923, 165. 

Goa u. Waaserfach, 1923, 86, 25; J., 1923, 194a. 

Schneidewind and F. Munter, Afb. Dent. Lnndw. (?m., 1923, 
No. 324 (36 pp.). 

A. Thomson, Acta et ConmeTUationes Univ. Dorpatmsis, 1922, A8, (2) : 
J., 1923, 1036a, 
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industry, and the gbvnrnment,*' wlierehy ttie price of nitrogen in 
ihe form of sodium nitrate is fixed at ten-nintlis of* that of the 
nitrogen in ammonium sulphate. This diffojence may have its 
cause p)artJy in the fact that ammonium sulphate is liable to suffer 
a loss of ammonia when applied to alkahije soils before or at the 
timeeof seeding, but this is less liable to occur if applied as a top 
dressing. This has been shown to be particularly the case in 
Egyptian soils by J. A. Prescott.^® It must also be remembered 
that ammonium sul[)ha(o i.s “ 2ihysiologically acid ” fertiliser, 
leaving an acid residue in the soil, and thus tending to cause 
sourness, or to accent de the sourness of an already som- soil, to 
the detriment of some crops. Sodium nitrate, on the other hand, 
is “ physiologically alkaline." Crops sjjccially suited to moderately 
acid conditions, such as the potato, may, however, do better with 
ammonium sulph i o ; further, there is evidc.ioe that iron is more 
readily available under the. conditions of increased hydrogen-ion 
concentrafion set up by ammonium sulphate.®’ The inferiority of 
nitrate to ammonium salts as manures for rice is ascribed to this 
effect by L. G. Willis and J. 0. Carrero,®'* the alkaline residue 
from sodium or calcium nitrate rendering the iron loss available 
and thus .setting up chlorosis. 

Experiments on the relative value of calcium cyanamide 
(“ nitrolim ”) and ammonium sulphate have been carried out hi 
the field by W. Schneidewind and E. Munter,®® and in pots by 
E. Haselhoff, 0. Liehr, and K. Fluhrer.®® The results of both sets 
of experiments agree in giving calcium cyanamide a much lower 
value than that of ammonium sulphate ; they also bring out the 
very great uncertainty in the effect of cyanamide, resulti even 
superior to those given by ammonium sulphate being sometimes 
obtained; whereas in other cases the crop is actually depressed 
below that given when no nitrogen at all is applied. It is already 
known from the work of Cowie®* that dicyanodiamide, the presence 
of which in calcium cyanamide is liable to give rise to harmful effects, 
is only decomposed with extreme slowness in the soil, and that its 
deleterious action depends partly on its power of inhibiting the 
action of the nitrifjdng organisms. R. V. Norris, B. Viswanath, 
and C. U. R. Ayyer®’ have shown that although in moderate dosss 
there is no conversion of cyanamide to dicyanodiamide in the soil, 
such conversion does occur if the concentration of cyanamide is 
high. Itr seems very probable that Inany of the unfavourable 

” OJum. and Ind., 1923,1200. 

Agric. Sci., 1923, 13, 333 ; J., 1923, 847a. 

H. Jones and W. Shive, Ann. Bot., 1923, 37, 33,5. 

>* J. Agric. m., 1923, gf, 621; J., 1923, 1036a. 

“ Landw. Vm.-Slat., 1922, 100, 37. 

G. A. Cowie, J. Agric. Sci., 1919, 9, 113 ; 1920, 10, 

" Mem. Dept. Agric. India Ohem. Ser., 1923, 7, 65. 
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results which have been obtained in the use iof nitrolim may he 
due to bad .distribution, resulting in local rogionh of high concen¬ 
tration favourable to the production of dicyanodiamide. 

Comparisons of ammonium sulphate with ammonium chloride 
and urea have been made at Rothamsted and a number of outside 
centres,^* and by W. Schneidewind and F. Munter^“ and E. 
Haselhoff, 0. liehr, and K. Fluhrer All these experiments 
agreed in showing that on the average the two ammonium salts 
were about equally effective. Wi+Ji regard to urea, the Rot¬ 
hamsted experiments indicated that it was, if anything, somewLat 
superior to ammonium sulphate, though less effective than sodium 
nitrate. In the German experiments, however, both urea and 
urea nitrate were on the average only about 85% as effective as 
ammonium sulphate. 

Ammonium bicarbonate’® has been tested in Germany by 
E. Haselhoff, 0. Liehr, and K. Fluhrer,” and by 0. Lemmermann 
and K. Eckl.“ The results indicate that this salt may be, under 
certain circumstances {e.g., when applied before sowing and 
-harrowed in immediately), as effeetivo, as ammonium sulphate; 
but if applied as a top dressing, as would be expected, marked losses 
of ammonia occur, and the crop increase is less. 

Leguminous crops are commonly grown without special nitro¬ 
genous manuring. There is, however, some evidence that such 
manuring may be of value, especially in the early stages of the 
powth of the plant, before nodule formation is far advanced. 
Results of experiments on the nitrogenous manuring of clover 
have been published by Kuhnort,“ and the subject has been 
discussed by L. Hiltner.®® 

The special effect of nitrogenous fertilisers in stimulating vege¬ 
tative growth and leaf production, as opposed to maturation and 
ripening, is well illustrated by the work of L. Blaringhem,®’ who 
has studied the effect of the common fertilisers on the anatomy 
and development of seedlings of various plants. 

Analysis. —^Without going into details, reference may be made 
to papers by 6. H. Buchanan,®® E. J. Fox and W. J. Geldard.®' 
A. Grammont,®® A. Nanussi,®® and W. Wagnel*® on the analysis 
of cyanamide and its products of hydrolysis, and to a paper by 

EoBmtmled Experimental Station Report for 1921-22, p. 10. 

See Ann. Repte.^ 1922, 7, 

•« Z. Pflaira. Ding., 1923, 2, B, 98. 
njbid., 1923,5, B, 137. 

“iWd., 1923,2, B, 263. 

•* Oomptee rend., 1923, 177, 407 ; J., 1923, 941a. 

'* Ind. Eng. Ohem., 1923, 16, 637 ; J., 1923, 798a. 

« nid., 1923, 16, 743; J., 1923, 901a. ‘ 

Soc. Chim., 1923, 88,123 ; J., 1923, 281a. 

« atom. Chim. Ind. Appl, 1928,6,168; J., 1923, 618a. 

' ** Z. angew. Ohem., 1'923, 88, 19 j J., 1923, 164a. 
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J. Bordas*’ on tha Jodlbaner method for the determination of 
nitrogen. * 

Phosphatie Fertilisers. 

The supply of phosphorus to the growing crop depends on 
factors not entirely comparable with those relating to the supply 
of nit-ogen and potassium, and this'difference has an important 
bearing on t&e question of the use of phosphatie fertilisers. Potash 
occurs plentifully in natui'e in soluble forms, as in the Stassfurt 
and Alsatian deposits which iorm the main sources of potash 
fertilisers. Soluble nitrogenous compounds are available both as 
natural deposits and . the products of industrial processes, and 
the nitrogen in insoluble compounds is of value as a fertiliser only 
in so far as it becomes soluble and available to the plant under 
the influence of soil micro-organisms. Phosphorus, on the other 
hand, occurs almost wholly as insoluble phosphates, in the form of 
bones and of natural deposits ; whereas in general it is found that 
the most effective phosphatie fertilisers are those compounds in 
which the phosphate is readily soluble in water or in weakly acid 
solvents. In the past tins difficulty has been met either by the 
conversion of raw phosphates into superphosphate by means of 
sulphuric acid, or by the use of basic slag. The supply of the latter 
material, and its suitability for agricultural use, are dependent on 
factors which are outside the eontrol of the agriculturist, and at* 
the present time the supply of slag of suitable quality is insuffioielrt. 

The manufacture of superphosphate is, relatively speaking, an 
expensive process, with the result that superphosphate manu¬ 
factured from imported raw phosphates in countries, such as out 
own labours under a considerable economic disadvantage in com¬ 
petition with that made in continental countries possessing their 
own supply of raw phosphates, and with somewhat depressed 
exchanges. Still worse is the position of Germany and other 
central European States whose exchanges are so low that they are 
entirely unable to import raw phosphates for superphosphate 
manufacture. The upshot is that more and more attention is, 
being' given to the possibility of developing alternative methods^^ 
for utilising insoluble phosphate, whether of high grade such as 
now are used for making superphosphate, or of too low a grade for* 
such use. In Germany in recent years attempts have even bden 
made to maintain that phosphatie manuring can be dispensed with, 
but the fallacy of such arguments appears to have been realised in 
many quarters in Germany to-day, and more attehtion is being 
given to the diagnosis of phosphate deficiency in soils so as to. 
insure the most economical use of phosphatie fertilisers. ' 

Basic Slag .—Bftsid slag o! high citric-solubility, whether it*be of 
high or ot moderately low grade, is an article of established vfdud 
** Comptet rend,,. 1923,177, 696 ; J., 1923, 1190a'. 
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for which a ready market can always be fovmd. Unfortunately, 
a large part of the basic slag produced by the steel works in this 
country is of very low grade, and usually, owing to the use of 
fluorspar, also of low solubihty. Such material is dilficult to 
dispose of at fair pricey. D. N. McArthur'’® has dii'ected attention 
to the possible value of such slags as a source of lime for the land. 
An alternative outlet for slags of this tyjK) might be tteir treatment 
by a process patented in Germany®^ for the extraction of jihosphates 
from basic slag by fusion with potassium chloride or other alkali 
chloride. The whole of the phosphate is stated to be present in the 
clear melt, leaving the. lime in the residue. 

Saw Phosphates and their Utiiisalion .—Some idea of the mag¬ 
nitude of the European demand for raw phosphates is given by the 
figures for 1913, when 4,413,000 tons was consumed for aU pur¬ 
poses ; of this more than half came from North Africa, over one- 
third from the United States, and about one-tenth from France and 
Belgium. Most of the North African phosphates come from 
Tunis and Algeria at ))resent, but there are also large deposits in 
other parts of North jVfrica, notably in Morocco, where the output 
has risen from 8230 tons in 1921, to 85,583 tons in 1922. It is 
hoped by 1927 to reach an output from Morocco of over one milMon 
tons, while that from Algeria and Tunis is expected to reach 3|-4 
jnillion tons.®® The output from Nauru and Ocean Islands in the 
Pacific, in 1922 -3, was 361,205 tons, practically the same as the 
previous year; the greater part of this was consumed in the 
Antipodes, only some 4-5% finding its way to this country.®®- ®® Ex¬ 
tensive phosphate deposits, mostly of low grade, exist in Russia.®® 
Raw phosphate is used mainly for the mamifactu.Te of super¬ 
phosphate. A number of other methods for treating raw 
phosphates in order to increase their solubility have been proposed. 
Some of these still depend on the nse of acids. For example, 
F. Kanhauser describes a process in which the amount of sulphuric 
acid used is less than that needed to produce superphosphate; it 
is stated that by this means carbonates and fluorides are decom¬ 
posed and thus prevented from exerting a deterrent action on the 
solubihty of the phosphates.®* When raw phosphates are decom¬ 
posed by means of nitric acid, and ammonia is passed into the 
acid liquors in bulk, the resulting phosphate precipitate is of low 
citric-solubihty. By feeding the acid hquors and ammonia 
together into a mixing chamber, and removing the preduct con. 

®»J., 1923, g’lSx. 

“ G.P. 362,989 ; J., 1923, 194a. 

“ CT*em. and Ind., 1923, 521. 

‘“ftid., 1923, 438. 

1923,1041. 

“ Z. PJlanz. Ding, 1923, 8, B, 315. 

’■‘Ohem.-ZeU., 1923, 47, 121; J., 1923, 281a. 
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tinuously, it is claimed that this difficulty may be overcome, and a 
product of high hitric-solubility obtained.®’ The same difficulty 
is liable to arise when superphosphate is ncuttahscd by ammonia, 
but C. Matignou®® has now described a process, depending on the 
use of dilute gaseous ammonia (3-5%) ^or the neutralisation, 
which results in a product containing three-quarters of its phosphate 
in a watef'-bolublo condition, in the manufacture of this 
product, to which tl.e name Superam ” has been given, the 
amount of sulphuric acid 1180,’ is only 48% of that which would 
be needed in making a mixture of sulphate of ammonia and super- 
lihosphate containing same amount of nitrogen and phosphate. 
The '■ llhcnania ” process for the treatment of raw phosphates®* 
and other similar processes** depend on the incineration of a 
mixture of the raw phosphate with siliciou.s materials, resulting in 
products with hig' citric-,solubility. The Bureau of Soils of the 
U.S. Department of Agriculture is working on a process which 
goes a stage further than this, and actually volatilises the phos¬ 
phoric oxide from low-giade rock in admixture with sand and 
coke.“ The phosphoric acid produced could be utilised for the 
production of soluble neutral phosphates, e.g., of alkalis or 
ammonium, or it can be used to act on a further quantity of rock 
to give so-called “ double sujierphosphate.”** Other processes 
depend on the heating of raw phosphate with alkali salts, either; 
with*® or without.** the addition of carbonaceous material. 

As an alternative to chemical treatment, raw phosphates may 
bo reduced physically to an extremely fine state of subdivision. 
This may be effected in the Plauson mill, using silicates alkalis, 
ot organic protective colloids to aid dispersion an& to p.'event 
re-aggregation of the finer particles,*® but it is at least doubtful 
whether tins process will prove sound economically. In Morocco 
a smaU-scale plant is being worked for the grading of ground 
phosphate rock by an air current, the finest material being 
recovered in a Cottrell precipitation plant.** 

The Relative Efficiency of Phosphatie Fertilisers. —^Perhaps no 
other class of manures is liable to give such conflicting results in 
field trials as are obtained with phosphatie fertilisers. Not only 

"U.P. 363,272 ; J., 1923, 194a. 

Chim. el h«l., 1923, 10, 1216 ; /., 1923, 1037a. 

“ E.P. 174,370, 177,490 ; J., 1923, 24a. See olso Am. Repis., 1922, 7, 
370. P. ICtische, Z. angae. (them., 1923, 36,130 ; J., 1923, 321a. 

“ E.P. 194,208 ; J., 1923, 4«6a ; Chem. and Ind., 1923, 1108. 

”W. H. WaggiuiiHii, J. Ainer. Soc. Agron., 1923, 16, 1.52 ; W. H. Robs 
Hiul A. R. Morz, Chem. and Met. Itng., 1923, 29, 313. 

'^U.S.P. 1,470,968 ; J., 1923, 1191a. 

“’TJ.S.P. 1,437»450; J.. 1<.K!3, UIa. 

“E.P. 191,129; J., 1923, 191a. 

“E.P. 195,655.; J., 1923, 512a. 

“ Chem. and Ind., 1923,1108, 
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do agricultural crops difier markedly in their rdsponee to phosphatio 
manuring, but the type of soil and the climate exert a large effect 
‘‘ on the result. It ^ now well established that the more insoluble 
phosphates, such as ground rock phosphate or bone manures, are 
most effective on sour soils and under moist conditions. These 
conditions are, however, much less favourable to the action of 
superphosphate, which acts best on dry, calcareous soils, on which 
insoluble phosphates usually give disappointing results. It is 
possible to put forward an interpretation of these differenees in 
terms of soil faetors, which, while not eovering the whole ground, 
certainly accounts for most of the observed facts. 

Sour soils, besides being acid in the ehemieal sense, contain, 
in virtue of that acidity, soluble iron and aluminium salts. On 
the application of water-soluble phosphates, such as superphosphate, 
to sueh soils, a considerable proportion of the phosphate is pre¬ 
cipitated in the form of insoluble phosphates of iron and aluminium, 
which are not readily available to the plant, and the extent of this 
" reversion ” inereases gradually with time. On an alkaline, 
calcareous soil, however, the interaction of the soluble phosphate 
with the calcium bicarbonate in the soil solution and with the 
adsorbed calcium ions on the colloidal surface of the soil particles 
gives a finely divided precipitate of dicalcium phosphate which is 
comparatively easily soluble in water saturated with carbon 
dioxide. The natural rook and bone phosirhates, however, consist 
of tricalcium phosphate combined with excess of lime, are in a 
relatively coarse condition, and are only slightly soluble in carbonic 
acid solutions; hence they are less effective in non-acid soils than 
in soidr soils with an acid soil solution. The case of basic 
phosphates such as basic slag (made without the use of fluorspar) 
and such products as Rhenania phosphate—the phosphoric acid 
of which, although insoluble in water, is soluble in weak acids— 
differs from that of raw mineral phosphates. There is reason 
to believe that much of the phosphoric acid in such phosphates 
exists in the form of silieophosphates having an appreciable 
solubihty even under faintly alkaline conditions, thus explaining 
the superiority of such fertilisers over raw jfhosphates on many 
fion-acid soils. The papers by A. Demolon,*’ A. Demolon 
and P. Boischot,®® C. Brioux,®* P. L. Gile and J. 0. Carrero,™ and 
T. B. Hall and J. C. Vogel" should be consulted in this connexion. 

The favourable action of acid conditions on the avaiiability of 
ground rock jfliosphate has led to the advocacy of the use of 

jl«n. Sd. Agron., 1923,40,161. 

‘ “ Oompfes rend., 1923,176, 777 i J., 1923, 4 Ua. 

•• Oomples rend., 1922, 176, 1096; J., 1923, 110a; Antt. Scl Agron., 1923, 
40 , 186. 

”V. Agric. Set., 1923, 26, 171 ; J., 1923, 1160a. 

«So3 Set., 1923, Us, 367; J., 1923, 847a. 
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physiologically acidjfertilisers® such as ammonium sulphate, in 
conjunction withdraw phosphates. This idea was put forward 
over twenty years ago in Russia by Prjanisc^piikow.®®'It has 
recently been actively supported in Germany by M. von Wrangell, 
and forms the basis of a system of phosphatic manuring’* which 
has, however, given rise to considerable mscussion,’* partly of a 
rather acrinonious nature. The obvious drawback to such a 
system is that it could only be successfully applied to soils with 
little or no reserve of lime, ..pd on these soils it might do more 
harm than good by hastening the production of toxic concentrations 
of acid in the sod.’* 

The results of several vegetation experiments on the comparison 
of different phosphatic fertilisers have been published during the 
year, of which mention may be made of the Bothamsted experi¬ 
ments,® those of W. Schneidewind and F. Miinter,** and those of 
G. S. Robertson’* on the turnip crop in North Ireland. In the 
latter experiments Gafsa phosphate, high grade basic slag, and a 
Belgian product known as “ Peerless basic phosphate,” all gave as 
good a result as superphosphate, although Nauru phosphate was 
not quite so effective. The Belgian product is apparently of the 
same nature as “ Rhenania ” phosphate,’* further trials of which 
have been carried out in Germany® with quite favourable results. 
The effects of the American product, “ Ammo-Phos on ger. 
mination have been studied by D. G. Coe.® A. W. Oldershaw’s 
well-known experiments at Saxmundham have been summarised** 
up to 1922. 

Finally, mention may be made of an interesting poin' in con¬ 
nexion with the use of phosphatic manures on warn earlj- sods. 

"Seep. 411. 

D. N. Prjaniacimikow, “ Die Dimggerlehre,” (Berlin, P. Parey, 1923), 
p. 283. 

’•M. von Wrangell, Landw. Vera.-Stat., 1920, 98, 1 ; Lemdw. Jahrb., 
1922,57. 50: “ PhosphorsaOreaufnahme und Bodenreaktion ” (Berlin, Parey), 
1920: Aereboe, “ Neue Uungerwirtschaft ohne Auelandephosphate,” 1922. 

“ P. Ehrenberg, Z. PJlam. Dmg., 1923, 2 B, 73, 411; M. von Wrangell, 
tdid.r. 408 ; 0. Lemmermann, ibid., 419; 0. temmermann, E. Haselhoff, 
and T. Pfeiffer, E. A.*Mitecherlich, J. Hasenboumer, and 0. Nolle, “Die 
Phosphorsaure-Frage ’’ (Verlag Chemie, Leipzig), 1922. • 

’•P. Ehrenberg, Z. PJlam. Dmf., 1923, 2, B, 129. See also E. Munter, 
m., 497. 

” Pothamatad Ezpt. Sta. Peport. 1921-22, p. 17. 

’• “ Phosphates and Improvements of Pasture," Government of NorUiem 
Ireland, Mm. of Agr., p.*9 (1923)i , 

” See p. 416. 

“ E. Haselhoff and 0. Liehr, Landw. Vera.-Stat., 1922,100,21. T. Remy 
and Weiske, Landw. Jahrb., 1923, 59, 203. A. Qehring and E. Pommer, Z. 
PJlam. Dling., 192jt, 2, B, 404s 

» See Ann. Bepta., 1922, 7, 363. 

“New Jeraey Agr. Expt. StaUm BuU. 376, 1923. 

_ "J. Min. Agrie., 1923, 30 , 308. 
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The effect of phosphates in accelerating ripetiiing of cereals is of 
great value* in backward districts, but in early districts it may 
easily become a disadvantage, since in such districts in a normal 
season the crop already tends to ripen off before it has made its 
maximum possible growth. Such an instance occurred in an 
experiment on light sandy soil in Suffolk in 1922, where the)yield 
of barley was lower on the plot receiving phosphate than it was on 
that receiving none.®* This affords an excellent illustration of 
the manner in which the effect of fertilisers may be influenced by 
environmental factors. 

The Evalmlion of Phosphalic Fertilisers.—-Ihe value of the 
determination of the citric-solubility of the phosphate in basic 
phosphatic manures, and more particularly in basic slags, by the 
official method is rather a vexed question. Although cases do arise 
in which basic slags of low citric-solubility are as effective in tbe 
field as those of high solubility, there are still grounds for main¬ 
taining that the citric-solubility of basic slag is of use in assessing 
the value of the slag as a fertiliser. In view of the influence of soil 
and climatic conditions on the effect of fertilisers, and particularly 
of phosphatic fertilisers, as instanced on p. 416, it is still manifestly 
impossible to devise any laboratory test which will assess the 
value of a slag under all conditions of soil and climate. All that 
“can be asked of such a laboratory tost is that it shall furnish the 
expert with data from which he can decide as to the probable 
value of the fertiliser under specified conditions of soil and climate. 
Judged from this standpoint, the official citric-solubility test, 
though far from perfect, is nevertheless a useful one. 

H. R. Christensen®® has carried out a comprehensive investiga¬ 
tion on the solubiUty of raw mineral phosphates, various 
prepared basic phosphates, and basic slag, in 2% citric acid*® 
and in some of the other solvents that have been suggested, 
such as ammonium citrate and water saturated with carbon 
dioxide,*’ and has compared the results with those obtained by a 
biological method depending on the ability of the tested material 
to supply soluble phosphate, under faintly ajkaline conditions, in 
.sufficient amount to enable a culture of Azotobacter to make a 
vigorous growth. In general, the results of the biological test 
are in better accord with what is known as to the relative value of 
phosphates of the type tested, on non-acid soils, than are the 
results of the chemical solubility tests. G. S. Robertson and 

J. Min. Agric., 1923, 29, 945. 

Tidak. for Plmieavl., 1923, 29, 513, with English summary at end. 

®^See also H. F. L. Bischoi! and B. de«C. Marohaivi, J. S. Afr. Chem. 
Inst., 1923, 6, 63. 

^ See also Maschhaupt, Verst. Landbouwk. Onden. BijkskmdbouW' 
proeJsUit., 1922; J., 1923, 110a. 
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F. Dickinson®* havfe proposed a modification of the official citric- 
solubility test, based on the use of one gram of material instead of 
five. A method for the determination of free phosphoric acid in 
superphosphate has been patented.*® Sources of error in the 
determination of insoluble phosphates Iwve been discussed "by 
W. .’1 Austin.®* • 

Potash Fertilisers. 

Source.s of Potash. —^The imports of potash salts from Germany 
into'this country showed a steady and considerable increase between 
1920 and 1922.*^ The world’s consumption of potash in the latter 
year is estimated at 600,000 tons, of which Germany supplied 
1,300,0(K) tons.®* Alsatian competition, which was thus not much 
felt in 1922, beg.' n to have a decided influence in 1923, during the 
first nine months of which roughly 200,000 metric tons less German 
potash was sold.®* This is reflected in the increased output of the 
Alsatian mines, which reached over 1,300,000 tons in 1922, the 
highest figure since the mines were taken over by France.®* The 
extensive leucite deposits in Italy, estimated to exceed a thousand 
railhon tons, are now being worked. The iron is separated mag¬ 
netically, and the remaining mineral, with a potash content of 
21-5%, is said to be as effective as potassium sulphate as a fer¬ 
tiliser.®* The discovery of large deposits of potash is also reported 
from Czechoslovakia.®* The manufacture of potassium salts from 
kelp is described by J. W. Turrentinc, H. G. Tanner, and P. S. 
Shoaff.®’ The recovery of potash from distillery waste forms the 
subject of a United States patent.®* 

, The Relative Value of Potash Fertilisers. —The ma'n interest in 
the use of potash fertilisers centres in the relative value of the high- 
grade sulphate and chloride, and the low-grade salts such as kainit 
and sylvinite. Trials on this subject are in progress at Rothamsted 
and a number of other centres. The results of the 1922 
experiments®® indicated that the high-grade salts, whether sulphate 
or chloride, were equally effective as regards their influence on the 

"‘J., 1923, 59t. 

*• U.S.P. 1,462,84« ; J., 1923, 941a. 

“ Ind. Eng. Ohem., 1923, 16. 1037 ; J., 1923, 1143a. 

Ckem. and Irui,, 1923, 405. 

»- Ibid., 1923, 684. 

1923, 1091. 

** U.l^ Comm. Rep., April 9, 1923 ; Ghefn. and Ind,, 1923, 623. For an 
account of tho presont position^! the French potash indi^^try seo M. Men- 
nocke, Fert. and Feeding *S7. J., 1923, 8, 602. 

** Chem. and Ind., 1923, 1126, 1133. 

Cham. Com. J., Sopt. 14, 1923 ; Chem and Iml., 1923, 1061. 

»» Ind. Eng. Qiem, 1923,1.6, 169 } J., 1923, 30oa. 

*• U.S.P. 1,444,833 ; J., 1923, 323a. 

** Rothamsted Expt. 3ta. Report, 1921-22, pp. 18, 21, See also J, Mm. 
Agr., 1923, 29 , 947. 
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yield of potatoes, but that the low-grade salts gave diminished 
yields. When quality was taken into consideration, the infer¬ 
iority of the latter salts was still, more marked, and even the high- 
grade chloride gave potatoes of a somewhat inferior quality to 
those given by the sjilphate. Similar results are reported by 
0. Lemmermann and K. Eokl,*“ and by W. Schneidewind and 
F. Munter,** who found, however, that for rye the low-grade 
salts and the high-grade were equally effective. P. W. Morse*® 
could find no significant difference between the effect on the spil of 
continued use of potassium chloride or sulphate; contrary to 
what might have been expected, there was no evidence for a more 
rapid lose of lime by the use of the former. 

Ibe special part played by potash in the nutrition of the plant 
is well brought out by the experiments of H. Wiessmann,*® which, ' 
besides confirming most of the well-known effects of potash on 
plant growth, illustrated clearly the fact that under conditions of 
potash-starvation plants fail to reach maturity, whereas shortage 
of nitrogen or phosphate, although inducing stunted growth, does 
not prevent the plants from flowering and setting seed. The 
influence of potash manuring on the intake of phosphate by various 
crops has been studied by 0. Nolte,*® who showed that lack of 
avt^ble phosphate in the soil could not be counteracted by 
plentiful manuring with potash. 

Analysis. —^The perchlorate and cobaltinitrite methods for the 
determination of potassium have been investigated by R. L. 
Morris.*®* The latter method has also been studied by E. Cley- 
fert.*°® A further modification of the volumetric bitartrate method 
of Przibylla*^* has been described by P. Hubert.*®* N. E. Gordon 
has pointed out certain sources of error in the determination of 
potash in mixed fertilisers.*®* 

Organic and Mixed Manures. 

Two matters call for special mention under this heading. 

The use of town refuse for manurial purposes is spreading in 
this country.*®® In Italy extensive use is made of the Bweari 

™ Z. Pflam. mng., 1923, 8, B, 386. 

»“ Soil Sc*., 1923,18, 107 ; J., 1923, 1143a. 

‘«2. Pfiam. Ding., 1923, 2, A, 1: J., 1923, 666a. 

*“ Ibid., 1923, 2, B. 23 j J., 1923, 666a. 

“• Analyst, 1923, 4^ 260; J., 1923, 1000a. ‘ 

BuU. See. Chim. Bdg., 1922, 31, 417; J., 1923, 164a. See also 
Posa-Escot, ibid., 1923, 32, 227. 

See Ann. Bepts., 1922, 7, 272. 

. “•i4*m. Chm. Ancdyt., 1923, 6, 9 ; J., U23, 181a. ^ 

‘ Assoc. Off. Agric. Chem., 1923, 6, 407 ( J., 1923, 791a. 

“• J. Min. Agr., 1923, 28, 944, 1044 ; 30, 768, 870. See also Min. A/r, , 
LsaftU No. 398. ‘ 
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process, in which thp refuse, after preliminary sorting, is subjected 
to a fermentatiofl in a closed chamber. This results in quite a 
useful organic manure.”® 

“ Artificial farmyard manure,” or “ straw manure,” made by 
the “ Adco ” process of Hutchinson and Riqhards,'” has been tested 
in a number of field experiments in Kent and Essex,”® in com¬ 
parison with cow or bullock manure, with very encouraging results. 

Calcareous arid Aagnesian Materials. 

The value of niagnP":'m limestone for soil treatment is a matter 
on which there is some difierence of opinion, but the balance of the 
evidence is against the existence of any harmful effect of •such 
treatment. This is supported by the results of J. G. Lipman, 

A. W. Blair, H. C MoL^n, and A. L. Prince,”® who could find 
little difference in the effect of magnesian or ordinary limestone on 
crop yield or composition of the soil. Similar results were obtained 
by W. H. MacIntyre and J. B. Young,”® who found, however, 
that precipitated magnesium carbonate had a transient toxic 
effect; this they explained as due to the production in the first 
instance of relatively soluble magnesium silicate compounds, 
which are subsequently converted to less soluble subrtances. 

P. W, Morse”® has studied the effect of various fertilisers, when 
used in conjunction with calcium carbonate, on the hydrogen ion 
concentration of the soil solution. The effect of gypsum on Iowa 
soils has been found by L. W. Erdman”* to consist mainly in an 
increase in the soluble potash and phosphate. In the field a favour¬ 
able effect on lucerne was obtain^. ‘ 

Under certain circumstances magnesium compounds appear to 
be of value as manures. Instances of this are found in the Bot- 
hamsted experiments on potatoes.”’ 0. Marholt has made a 
careful study of the influence of conditions on the action d 
magnesium salts on the yield of potatoes, and finds that it is 
evident only in the presence of organic manures such as dung.”* 
This interesting observation may serve to clear up some of the 
irregularities observed in the past.”* 

J. Bordas, Ann. Sci. Agrm., 1923,40, 77. 

See Ann. Bepte., 1922, 7, 374. 

BoihamsUd Expt. Sta. Beporl, 1921-22, p. 19. 0. H. Gairad, Auric. 
Qaz., 1921, 98 , 791. 

“»Soil Set., 1923, ft, 307 ■.•J., 1923, 79U. 

utlUd., 1923, 15, 427 ; J., 1923, 1036a. 

“‘Bid., 1923,16,76. 

“• Ibid., 1923,16, 137 ; J., 1923, 617a. 

u’ Bothamsted Expl. Sto.Vleport, 1921-22, p. 19. 

“• Londw. Vers.-sua., 1923,100, 316. 

“• M. Popp and J. Contaen, Landw. Jiihrb., 1923, 68, 313. E, A. ^ 
wharliofa and H. Wagner, ibid., 1923, 58 , 646. 
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The value of magnesian manures for then counteraction of a 
chlorotic disease of tobacco has been demonstrated in the United 
States.™ ^ 

Sulphur Treatment. 

To the outline of the subject given in last year’s Report,™ and 
the general accounts given by J. 0. Lipman,™ and by J. S. Jofie,™ 
several points of detail may be added, although there has been no 
important change in the general position. Suitable conditions for 
the composting of raw phosphate with sulphur are being worked 
out by J. S. Joffe.“^ W. Rudolfs'^" has shown that by composting 
greensand with sulphur, water-soluble potash is produced, the 
resulting compost being suitable for the supply of potash to soy 
bean cultures. The relation of the moisture content of the soil to 
the effectiveness of sulphur oxidation in inhibiting the development 
of potato scab has been studied by W. H. Maitin,“® while J. S. 
Joffe and H. C. McLean,*” and S. A. Waksman, C. H. Wark, J. S. 
Ioffe, and R. L. Starkey'^* have further developed the use of 
sulphur oxidation as a means of improving “ black alkali ” soils. 
E. B. Reynolds and A. H. Leidigh'** observed a favourable effect of 
dressings of sulphur, especially in presence of lime, on yields of 
3otton. This would appear to be an instance of the direct fer¬ 
tilising value of sulphur compounds ui some soils, the possibility 
^ which has been pointed out by C. 0. Swanson and W. L. 
Latshaw.*®* 

Carbon Dioxide ae a Fertiliser. 

The influenee of such factors as light intensity and moisture oi), 
he possibility of bringing about substantial crop increases by 
utificial enrichment of the atmosphere with carbon dioxide™ has 
)een emphasised and investigated by A. Densch,™ A. Densch and 
C. Hunnius,*®® and by H. Janert.“* From a consideration of the 
esults of the latter, E. A. Mitscherlich has developed an inte- 

““ W. W. Gamer, J. E. McMurtrey, C. W. Bacon, and E. G. Moss, J. Agric. 
iee., 1923, 23, 27. * 

m ^ Ann. Repin.^ 1922, 7, 375. • 

, “ Ind. Eng. Chem., 1923,16, 404 ; J., 1923, 505a. 

m Jersey Ayr. Exp. 8Ut. Butt. 374, 1922. 

Soil Sci., 1922,14, 479 ; 1923,16, 93 ; J., 1923, 321a. 

1922,14,307. 

Ibid., 1923,16, 69 j J., 1923, 1036a. 

Science, 1923, 67, 53. 

“• J. Agric. Res., 1923, 24, 297 ; J.. 1923, 900a. 

Soil Sci., 1922,14, 435 ; J., 1923, 321a. 
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resting application |t his mathematical treatment of the “ Law of 
minimum ” to the action of the two correlated growth factors of 
intensity of illumination and carbon dioxide content of the 
atmosphere.'®® He shows that under ordinary illumination in 
daylight out of doors the crop obtained without artificial enriph- 
ment of air was already 954% of thp manmum obtainable under 
these conditions by using extra carbon dioxide. Under conditions 
of diminished illumirrition, however, such as obtain in green¬ 
houses, where the lighting is, e 'v, one-half or onc-quartcr of normal 
daylight, the yield obtained with the ordinary carbon dioxide 
content of the atmosplu-re was only 66-9% or 24% respectively of 
that obtainable by the use of increased carbon dioxide; in other 
words, the efficiency (“ Wirkungswert ”) of carbon dioxide is much 
greater under greenhouse conditions than in the open in normal 
daylight. For the '• i.io of a greenhouse with an illumination of only 
25% of normal daylight, he draws up the following table :— 

CO, in air, % .. 0-03 0-03 0-073 0-10 0-15 0-20 0-30 

Yields as % of maxi¬ 
mum possible .. 24-0 57-6 66*3 7«-« 88-8 94-5 »8-7 

The results of Bornemann and others, who claim that the crop 
increases they obtained in the open air were due to the increased 
carbon dioxide content of the air around the leaves, are regarded 
by Mitscherlich as due to the effect of other factors, such as thj 
influence of the mulch on the soil moisture, and to the fact that 
their expi^runcntal conditions involved shading of the crop. 

The assimilation of carbon dioxide by carrots and radishes in 
closed cylinders, and the effect of the manorial treatment and of 
ifieteoroiogical conditions on the carbon dioxide confc-il of-the air 
around the growing crop in the field, have also been studied by 
H. Lundergartlh.'®* 

It would thus appear that it is for greenhouse work that the 
enrichment of the air with carbon dioxide is most likely to have a 
future. As a preliminary to a critical investigation of this side of 
the problem, 0. Owen has studied the distribution of carbon 
dioxide in glasshouse atmospheres,'®’ and the production of an 
atmosphere rich in‘carbon dioxide in a glasshouse.'®® 

Soils. 

In this section of the report attention is confined mainly to 
work on methods fordhe examination of the soil, leaving questions 
of a more theoretical nature for consideration in thb Beport to the 
Chemical Society. 

’« Z. Pflara. 1923, 1, A, 211. 

'« Angm. Bat., 1922, 4, 120; J., 1923, 1B3a. 

Ann. Appl. Biol, 1923,10. 

0. Owen and P. H. Williams, ibid., 1923,1( 
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A survey of the vegetation and soils of (Africa, including a 
;eneral discussion of the classification of soils add the influence of 
ihmatic factors on their origin ^nd nature, has been published by 
1. L. Shantz and C. F. Marbut.*®“ A survey of British fruit soils 
3 being undertaken.**®. 


Mechanical Ancdysis and Physical Property. 


The same principle as that used by G. W. Robinson for the 
nechanical analysis of the soU*** has been independently applied 
o the same purpose in the United States by D. S. Jennings, M. D. 
Chomas, and W. Gardner,**® and in Germany by G. Krauss.**® 
rhe Matter author has also described a simple graphical method for 
lalculating the specific surface of the soil from the mechanical 
malysis. F. Zunker *** defines the specific surface of a soil as the 
atio of the total surface of the particles in a given weight of soil 
o that of an equal weight of a soil of which all the particles have 
b diameter of 1 mm. The wide variations in the values thus 


)btained, according to the type of soil, are shown by the following 


able:— 

Type of soil. 
Heavy clay 
Ordinary clay 
Heavy loam 
Ordinary loam 
Sandy loam 
Loamy sand 
Sand 


Specific surface (Zunker'**) 
.. over 1000 
1000-730 
730-510 
510-340 
340-130 
130-30 

.. loss than 30 


Zunker specially emphasised the value of the determination of 
ipecific'surface as a guide to the proper depth of drainage of a soil. 

A source of error which is inherent in sedimentation methods of 
nechanical analysis, such as those of Oden,**® Robinson, Jennings, 
Thomas, and Gardner, and Krauss, and indeed in all sedimentation 
nethods not involving the repeated working up of the sediment 
iiitil no matter remains in suspension after the specified time of 
ettling (as in the standard British “ beaker ” method), arises from 
he fact that it is a matter of the greatest difficulty to bring about 
omplete disintegration of compound particleS and complete dis- 
fijmon of a soil into a suspension of its ultimate particles. This 
lifficulty is emphasised by the results of W. H. Fry,**® who found, 
>n microscopical examination of the sediments separated by 

« i 

**•" The Vegetation and Sofia of Africa,”*(Amer. beogr. Soc., N.Y., 1923). 

**• J. Min. Agr., 1923, 29, 887. 

'*1 See Ann. Bepta., 1922, 7. 379. 

»**<SOTiSci., 1922,14, 485 ; J., 1923, 320a, 

“• Jn«. MiU. Bodenhinde, 1923,18, 147. ' 

'** Laniv). Jahrb., 1923, 58,169. 

**• 8. Od4n, Ini. MiU. Bodenkunde, 1916, 5 , 261. 

*** J. Agrio. Sti., 1943,24, 879; J., 1923, 1085a. 
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ordinary mechanioal| analysis, between 30 and 60% of the total 
soil colloids undisfersed among the mineral particles.*#’ 

R. V. Allison**’ has desorib^ % method, ba|ed on that used in 
ceramics, for measuring the tensile strength of dried blocks of soil, 
expressed as a modulus of rupture, whic}> has given promising 
results in the study of nlkali soils, and which shows up clearly the 
effect of lim& in improving the physical condition d clay soils. 
The older method of A'.terberg*” has been studied by B.Tacke and 
T. Amd,*” and found to be i'-’apable of showing up significant 
differences in the mechanical composition and physical condition of 
related soils. T. Arnd 'ms developed a new method for measuring 
the coherence of mineral soils, based on the loss in weight sustained 
by a prepared cylinder and prism each consisting of a (fried 
mixture of the soil with a small percentage of glass powder, 
when the prism and cylinder are ground down by pressure of the 
former against the latter, which is rotated under specified 
conditions.*’* 

A. F. Joseph and F. J. Martin have investigated the effect of 
the soil: water ratio and of electrolytes such as calcium sulphate, 
ammonium sulphate, and sodium carbonate on the “ moisture 
equivalent ” of a number of Sudan soils, using the Briggs and 
McLane apparatus.*” The results show an apparent relation 
between the moisture equivalent and the clay content of the soils, 
F. Hardy*” has made a further study of the “ soil-point ” method 
for directly estimating the water-supplying power of a soil in 
the field. 

The use of mechanical pressure combined with suction for 
eStracting the “ soil solution ” from the soil has been (lescrilied by 
N. M. Tulaikov and M. S. Kusmin.*” It is claimed that by this 
means considerable amounts of extract of constant composition 
may be obtained in 16 minutes, even from soils of low moisture 
content.*” 

Soil Beaction. 

Methods for the determination of soil acidity continue to 
provoke a considerable amount of research. R. M. Salter and 

R. O. E. Davis, J. Atmr. Soc. Agmn., 1922,14, 293. 

Ibid., 1923, 16, 409. 

“• l«t. Mia. Bodmkunde, 1912,8,149. 

1923,18, 6. 

Z. Bflanz. Ddng., 1923, A 1, 130. 

*" J. Agric. Sei., ife, 18, 49; L. J. Briggs and J. {4. McLane, V.8. 
Dept. Agr. Bureau aj SoUa Bud. No. 45, 1907. See also G. J. Bouyouooe, 
Soa Set., 1922, 14, 431 ; J., 1923, 320a. ' 

J. Agrio. Set., 1923, 18, 366. 

«* Soil Soi., 1823,46, 236* J., 1923, _790i. 
itt For references to earlier pressure methods of obtaining the 
g^tion ” see P. S. Burgess, SoU Set., 1922, 14, 191^ and A. W. Oroh, Ini. 
Mia. Bodenkunde, 1923,13, 107. 
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M. F. Morgan^®* find that the hydrogen-ion jconoentration of soil 
snspensionsf determined electrometrically and also by sugar 
inversion, varies wjth the soil-water ratio, and they urge the need 
for specifying this value when stating the results of pa measure¬ 
ments on soils. C. 0. ,Rost and A. E. Fieger*®’ find that usually, 
though not always, the hydrogen-ion concentration of the ?oil is 
increased somewhat by air-drying, and even more by oven-drying. 
The colorimetric method of measurement of hydrogen-ion con¬ 
centration of the soil is frequently unsuitable owing to the tim- 
bidity of the soil extract.*®* C. T. Gimingham*®* recommends the 
use of a displacement method of obtaining the soil extract in order 
to get over the difficulty, but it is found that the values obtained 
are "not always comparable with the true value as determined 
electrometrically. F. W. Parker and 0. C. Bryan’*" find a fair 
correlation between the hydrogen-ion concentration and the 
results of the Truog test and the sugar inversion method. The 
inversion of sucrose is shown to be catalysed by the acid silicates of 
the soil, whereas the hydrolysis of ethyl acetate in soil suspensions 
is not so catalysed. F. W. Parker and J. W.Tidmore’®’ describe a 
modified form of the Truog test, in which the hydrogen sulphide is 
determined volumetrically. 

The “ lime requirement ” of the soil does not bear a precise 
relation to the hydrogen-ion concentration,’® and the value 
obtained depends greatly on the method used. There is, however, 
usually a general correlation, especially on soils of a similar type. 
Such a correlation is observed by E. A. Carleton,’** using the 
Jones calcium acetate method for determining hme requiremenj;. 
Quebec soils showed a positive value by this method up to pa 7-6, 
but lime-water added to the soil in an amount corresponding to the 
indicated lime requirement brought about approximate neutrality. 
The same author’**has studied the litmus paper method of testing 
the soil reaction. P. E. Karraker’** has also cstabhshed a corre¬ 
lation between the pa of the soil, its lime requirement as determined 
by the Veitch and by the Hopkins methods, and the growth of 
clover The fact that Azofoboefer chroococctim will not grolk in 
media with a p* lower than about fi-O was utilised by H. E. 

>“ J. Phya. Chem., 1923, 27, 117 ; J., 1923, 368a. 

Soil Sei., 1923, 18, 121 ; J., 1923, 1142a. 

*** Seo e.g., A. F. Joseph aftd F. J. Martin, J. Agri. Sci, 192«<, 18, 321 ; 
J., 1923, 846a. • ‘ 

“• J. Agn. Sd., 1923, 18, 69 ; J., 1923, 466a. 

>” Soil Set., 1923, 16, 99 ; J., 1923, 617a. 

‘“liiid., 1923, 18, 76; J., 1923, 1036a. 

See e.g., T. Wheny, J. Waah. Acad. Sot.', 1923, M, W i J-, 1923, 612a. 

Soil Sot., 1923, 18, 79 ; J., 1923, 103«A. 

Ibid., 1923, 18, 91; J., 1923, n42A. Seo also ««. 

IbU., 1923,18, 4f3 i J., 1923, 1036a. 
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Christensen’in 190f as the basis of a method for measuring the 
lime requirement ^f the soil, and this method has been widely 
applied in Denmark. Christensen has now stuc^od a large number 
of Danish soils by this method and also by Hasenbaumcr’s’” 
modification of Daikuhara’s method, and by Comber’s’** method. 
He finds the last-named method to be much superior to many of 
the earlier n.ithods for studying the soil reaction, but considers 
that the Azolobacler mi thod still has a useful place and that none 
of the chemical methods is , inable of entirely replacing it.’*® 
Comber's method has also been developed by D. J. Hissink’™ so as 
to render it applic.ible ' > alkaline soils as well as acid ones. In 
its modified form it is widely used in Holland, where it has proved 
to be of great value in the diagnosis of acidity as a cause of inler- 
tility in various sods. 

The association o’ soil sourness with the presence of soluble 
aluminium in the soil is now well known. P. S. Burgess’” has 
described a method for the determination of this so-called “ active ” 
aluminium in the soil, depending on the extraction of the soil wit! 
JV/2 acetic acid. His results show a correlation between the 
content of “ active ” aluminium and the lime requirement. 

Mineralogiad Analysis. 

In the past little attention has been paid to the examination of 
soils by mineralogical methods, largely no doubt owing to the 
highly specialised nature of the knowledge and technique required. 
J. Hendrick and G. Newlands’” have described a relatively simple 
method for the mineralogical examination of the soil, in which the 
m*in fractions into which the soil is divided by mechafli d analysis 
arc each subdivided by means of flotation, using pure bromoform 
(sp. gr 2-!)), combined with magnetic separation, into three 
groups :—(!) the orthoclase group, characterised by potash felspar ; 
(2) the quartz group, characterised by quartz; (3) the ferro- 
silicate group characterised by ferromagnesian silicates and iron 
oxides. Each group is then examined microscopically. By this 
meai^ the authors have made an interesting comparison of several 
English and Scottish soils. 

Chemical Analysis. 

The Estimation of “ Available Plant Food ” in the Soil .— 

Despite the enormous amount of work that has been done on this 
• ♦ 

Zentr. BaU., 1906,*II, 17, 736 j see also Soit Sci., 191^ 4,116. 

J. Hasonbaumer and J. Konig, Landw. Jahrb., 1921, 65, 233. 

***N. M. Comber, J. Agric. Sci.y 1920,10, 420. 

H. R. CHristensen, Int. Mitt. Bodmkunde, 1923, IS, 116. See also Soit 
Sci., 1923, 16, 329 J.g 1923, «6a. 

”®Ref. in Z. PJtam. Zliing., 1923, 2, B, 491. 

”» Soit Sci., 1923, 16, 131 ; J., 1923, 617a. 

’« J. Agric. Sci., 1923,18, 1 ! J., 1923, 465a. 
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subject, the soil chemist is unable to statefwith any degree rf 
certainty, merely on the basis oi a chemical' examination, the 
manurial needs of finy given soil.”® He is nevertheless frequently 
expected to do so, it being a common experience for him to receive 
aaample of soil from a, farmer with the request that he will analyse 
it and state in what respect-it is deficient in plant food and-what 
fertilisers are needed, ti practice there is usually nb difiSculty in 
diagnosing a deficiency of lime, with which deficiency probably 
more cases of crop failure can be associated than with any other. 
With regard to nitrogen, the response to nitrogenous manures on 
most British agricultural soils is so definite that the benefit of such 
dressings at their proper places in the rotation is seldom called 
mtd question. The position is far otherwise as regards phosphorus 
and potassium. Practically any of the known methods will show 
up a soil in which the supply of either of these elements is at its 
lowest ebb ; the difficult problem arises with soils which appear to 
contain at least a moderate amount of readily soluble phosphate 
and potash. Some such soils behave reasonably and respond to 
phosphatic or potassic manuring more or less as would be expected 
from their analysis, but soils are not infrequently met with which, 
on analysis, appear to contain a sufficiency, and on occasion even 
more than a sufficiency, of one or both of the elements in question, 
„and which nevertheless prove in practice to be extraordinarily 
responsive to manuring with the fertilisers that would have been 
deemed uimecessary from the analytical figures. The result is 
that any agricultural chemist who values his reputation hesitates 
to give advice regarding the manuring of a soil unless he has 
available also the results of vegetation experiments, preferably 
on the field scale, on that or similar soils. 

Without doubt, many oases of the failure of soil analysis to 
forecast the responsiveness of a soil to manuring may be explained 
by the operation of other limiting factors, the existence of which 
has been unsuspected or overlooked. The realisation of the 
complexity of the soil and of the factors which control crop pro¬ 
duction, and the increasing degree' to which the mode of operation 
of these factors is being elucidated, enable the well-informed 
'agricultural chemist to form an opinion as to the needs of a given 
soil with greater certainty than formerly. Although it is, in the 
nature of things, vain to expect that any solvent or method can be 
found which give in all cases a.clear apd direct indication of 
the manurial reeds of the soil, it is desirable to consider the relative 
meritsof the manymethodsthathave been proposed for this purpose. 

The oldest and best known method for the estimation of the 
“ available ” phosphate and potash in’the soil is that of Dyer,”* 

See e.jr., Menozji, Chem. and Ind,, 1023, 1083. 

"* B. J^r, J. Chfm. Sec., 1894,85,115. 
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in which the soil is eptraoted with 1% citric acid. This method is 
the one commonly used in this country. In the United States 
preference is given to the use of NjS hydrochloric or nitric acid.”* 
On the Continent a considerable amount of wo^i has been done on 
the subject by E. A. Mitscherlich, by J. Kon^ and J. Hasenbaumer, 
and by 0. Lemmermann. Miteoherliph’s method depends on the 
use of water csaturated with carbon dioxide.”® Konig and Hasen- 
baumer, after studyuig a variety of methods, such as treatment 
with hydrogen peroxide, electijolvsis, and heating in an autoclave 
at 6 atm. pressure, finally come to the conclusion that the Dyer 
method is generally the most suitable.'” Lemmermann comes to 
the same conclusion as regards the estimation of “ available ” 
phosphate, but for the potash he prefers treatment with 10% 
hydrochloric acid.”* C. Brioux”* has found that for the special 
case of calcareous soils the Dyer method, owing to the neutralisa¬ 
tion of the citric acid by the chalk, is not so suitable as the method 
of Schloesing and de Sigmond, in which the soil is treated with 
dilute nitric acid of such strength that its final concentration is 
between 0-02 and 0'1%. 

In general, the balance of evidence is in favour of Dyer’s method 
for phosphates. Lemmermann regards the ratio of citric-soluble 
to total phosphates in the soil, which he terms the “relative 
solubility,’’ as the important value, inasmuch as it takes account 
of the fact that in difiorent soils the phosphate may exist in forms 
with widely differing solubility.'*® Bearing in mind, however, that 
this ratio, even if high, does not indicate a sufficient supply of 
phosphate if the total amount in the soil is low, it is pot clear that 
Eemmermann’s value possesses any great advantage ofer the 
value for citric-soluble phosphate alone. 

For potaah the position is more doubtful; it is possible that 
the method recently worked out by Hissink'®' may prove of value 
in estimating the availability of tWs nutrient in the soil. 

As an alternative to the analysis of the soil, that of the plant 
grown on the soil in question has been suggested as an obvious 
• • 

“‘0. M. Shedd, Soil Sd., 1923, IS, 383 ; J., 1923, 846a, O. S. Fmpi, 
J. Assoc. Off. Agrie. Chem., 1923, 6, 329; J., 1923, 414a. 

”*E. A. Miteoheilicti, “Bodenkunde” (Berlin, Parey), 1920, p. 201. 

^ J. KOnig and J. Hasenbaumer, Landw, Jahrb., 1923, 69, 97 ; J, Kdnig, 

J. Hasenb^umer, and J. Schafers, ibid., 1923, 68, 66 ; J. Kdnig, J. Hasen- 
b&umer, and £. Kroger,*t6«f., 1923, 68 , 87 ; J. Konig, J, Fasenbaumer, and 

K. Kuppe, ibid., 1923,69, 66. * 

”• O. Lemmennann and L. Fresenina, Z. Pflanz. DSng., 1923, i A, 383. 
See also 0. Lemmermann, L. Fresenius, and B[, Wiessraann, Landw. Vers./, 
Slat., 1921,98, 166. . • 

Ann. Set, Agron., 1922, 89, 82. 

'** See also Engels, Z. Pflanx. Ping., 1923, 2 B, 186. 

*•> See Abb. Bepte.,1921,6,416) alaoSo*lS<!i„192J,16.,289jJ., 1923,791 a. 
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means of estimating how much of the nutrient material in the 
soil is available for plant growth.*^ The difficulty of using full- 
grown plants for ^his method consists largely in the need of first 
ascertaining the composition of an average plant of the sort used in 
the experiment. Much of Konig and Hasenbiiumer’s work*” was 
concerned with this point. ,In a recent paper by H. Ncubaupr and 
W. Schneider’** an attempt is made to get over thi., difficulty by 
growing a large number of seedling plants (rye) in a small amount 
of the soil under investigation, sp that the whole of the soil is 
completely penetrated by the roots. It is concluded that after the 
lapse of 18 days the whole of the readily available phosphates and 
potash in the soil will have been absorbed ; the plants are then 
sejiarated from the soil and analysed. This method gave quite 
promising results and it merits further trial. 

An interesting application of the use of the plant as a means erf 
estimating the manurial needs of the soil is that developed by 
H. Walker*®* for the soil of sugar plantations. The phosphate and 
potash in the sugar cane juices were determined, and it was found 
that a content of less than 0-02% and 0-05% of PjOj and KjO 
respectively in the juice was an indication of the need for phosphate 
or potash manuring. 

The ultimate criterion of the need of a given soil for manuring 
•must always consist of vegetation experiments in pots and in the 
field, in which is determined the actual effect on crop yield of a 
given fertiliser under conditions excluding the action of non- 
manurial limiting factors (pot experiments), and under natural 
conditions (field experiments).*** A critical experimental com¬ 
parison of all the more promising of the chemical methods on a 
series of widely representative soils on which field and pot experi¬ 
ments are also carried out, is much to be desired. 

General .—^From a study of the variability of certain soils in 
total and nitrate nitrogen, A. L, Prince*** shows that many more 
samples must be taken for the determination of the latter than for 
that of the former. C. T. Gimingham and R. H. Carter**’ have 
demonstrated a source of error in the dctet;mination of nitrates 
in soils by the phenoldisulphonic acid method, arising from the 

*“ See e.g., A. D. Hall, J. Agrk, Hei., 1905,1, 65. 

>“ Z. PJlam. Dung., 1923, 2 A. 229. 

‘•*H. Walker, Ind. Eng^Vhem., 1923, 16, 164; J., 192% 322a. H. 
Walker and G. B. Click, Ini. Sugar J., W2i, 25, 47S ; J., 1923, 1086a. 

*** For an interesting discussion of the application of Mitschorlich’a well 
known mathematical treatment of the relation between crop yield and growth 
factors, to pot cultures and field experiments, as a means of ascertaining the 
manuijal requirements of the soil, see E. A. Mitscherlich, Landw. Jahrb,, 
1923, 58, 125,601. 

“'Soil Sci., 1923, 16, 395; J., 1923, 846a, 

»" J. Agrk. 1923, 1% 60; J., 1923, 466a. 
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fact that certain kinijs of filter paper retain nitrate. W. M. Gibbs, 
B. E. Neidi^, and* H. W. Batchelor i** have described .an aeration 
method for the determination of^ammonia in^ alkali soils. 

L. J. SimonJ** has found that the use of silver dichromate in 
])lace of chromic acid in the sulphochromic method for the deter- 
mina.iou of carlxm in soils gives higher anif more accurate residts. 
This has been confirmed by V. Agafonoff.i“ K. A. Bondorfi and 
H. R. Christensen have described a volumetric jicrraanganate 
method for the determination if organic matter in decomposition 
experiments with soil.*” 

Biological Examination. 

Basing his technique on the difficulty of effecting a complete 
disjiersion of the colloidal matter in a soil suspension by ordinary 
means (sec p. 424), C. L. Whittles*” has developed a new method 
for ascertaining the numbers of bacteria in thfe soil. This method 
gave enormously higher numbers than that usually obtained, but 
H. G.Thornton'” has shown that the results obtained by Whittles’ 
method are impossibly high, and has suggested that they are 
brought about by incomplete sterilisation of the special apparatus 
used for obtaining the soil suspension. S. A. Waksman*** has 
discussed the various factors which influence the nitrifying power 
of the soil and has outlined a scheme for the determination of thiS 
property. 

'•‘Soil Set., 1923, 15, 261 ; J., 1923, 79U. 

CmnjiteJi mul. 1923,176, 1409 ; J., 1923, 070a, 

Ibid., 1923, 177, 404 ; J., 1923, 94U. 

'•'SailSa., 1923, 15, .301 ; J., 1923, 840a. 

'”J. Agric, Scl, 1923, 13, 18; J., 1923, 400a. 

Ibid., 192.3, 13, 3.32 ; J., 1923, 840a. 

>»• Soil Sc.L, 1923, 15, 241 ; J., 1923, 790a. 



432 


SUGARS, ‘STARCHES, AND GUMS. . 

By Robert F. Lyus, F.I.C., 

Chemist, The Westbum Sugar Refineries, Ltd., Greenock, N.B. 

SUGARS. 

S(atistical .—The developments of the year accorded closely with 
the views expressed in last year’s report. Early in February the 
rwiuction in the first estimates of the Cuban crop from 4,192,000 tons 
to 3,800,000 (actually 3,602,910) was followed by an immediate rise 
in price, which continued during the first half of the year, when the 
price of Cuban sugar rose to £33-34 per ton c.i.f. A decrease in 
the consumption in the United States for the first six months of 
the year of 2-66%, as compared with the similar period of 1922, 
and, also, a reduction of 52,294 tons in this country for the same 
six months as compared with 1922, together with increased deliveries 
of sugar from other sugar-producing countries, like Java, Peru, 
Mauritius, and Brajsil, had eventually a depressing infiuence on 
prices. For the calendar year the consumption of sugar in the 
United States and United Kingdom shows a decline of about 
half a million tons, as compared with 1922. For the sugar year 
1922-3,theworld’sconsumptionisestimated at about 19,260,000tons 
against a production of 18 million tons. Clearly, therefore, the 
carry-over of 1,203,000 tons from the previous year wiU be fuUy 
exhausted, and invisible supplies be at an exeeedingly low level at 
its close. Such a statistical position has naturally caused a general 
rise in price, hut this has bwn checked, partly by adverse trade 
conditions and partly by the influence exerted by the forthcoming 
European beet sugar crop, which may be about M0,000 tons larger 
than its immediate predecessor. The world’s new crops are 
estimated to produce an increase of a millioh tons over last year, 
but are likely to be no more than will meet requirements. With a 
constantly growing world consumption, which has practically 
doubled in the last thirty years, the origin of sugars for the British 
market is a matter of considerable significance. The fact that 
Cuba produces 22% of the total world production is of serious 
consequence to us in seasons of partial failure there; while, at the 
same time, it has to be realised that our own colonies, enjoying a 
preference of one sixth of the full duty, have' supplied the United 
Kingdom, during the first nine months of the year, with only 18% 
of its tofed importations. The desirability of increasing suppli^ 
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from Empire source^is recognised, not only from the colonial view¬ 
point, but, ^enersflly, as a means of minimising the violent fluctu¬ 
ations in price due to the present (dominating injuence of the Cuban 
crop. 

The Cane Suoae Industry. 

Extraction,.of (he juice .—^In the majority of cases, the cane on 
receipt at the factory passes directly to the crushers and mill proper. 
These crushers, and the function they play in disintegrating the 
cane and bringing it into a suitable condition for the subsequent 
milling operations, have been fully described in former Reports.' 

A very ingenioes m.s.jhino recently devised by F. Maxwell* 
combines in itself a pair of pressure rollers, with pressure-regulating 
gear, and a third rhredding roller working in conjunction with one 
of the pressure rollers. The crushing or pressure rollers are driven 
through reduction gearing from a shaft from which also the shred¬ 
ding roller is driven at high speed through belt gearing. As the 
cane is delivered down a chute it is first crushed by the rollers and 
immediately thereafter shredded by the high-s|X)ed roller. A 
trough placed in position below catches the juice, while a casing, 
placed in suitable position, prevents the shreds of cane from 
dispersing and delivers them to a conveyor. One of the crushing 
rollers may have a circumferentially grooved surface, and the other 
is provided with teeth or projections or grooves of any known fornf. 
The toothed shrcdding-roller may be formed of discs assembled 
together. The operation of this plant, on a practical scale, will be 
watched with extreme interest. 

• Coming now to the train of mills where the actuak extraction of 
the juice takes place, it has been known for some years that when 
the mill-rollers are made with suitably arranged circumferential 
grooves, the juice runs away more freely from the pressed cane and 
consequently better extraction and increased capacity result. 
Considerable difficulty is experienced, however, in keeping the 
grooves free from bagasse, and scrapers for this purpose are 
commonly in use. The method of grooving mill-rollers devised by 
H. C. Hinton and C, A. Marsden® has been found to minimije this 
drawback;and R.Harvey describes* the improved results obtained 
at Funchal, Madeira, with this type of roller, in trials made this 
year, when a 2-9% increase in extraction was obtained, and the 
general mechanical running of the njill was greatly improved. 
Owing to the enormeJus grip'cxerted by this form of grooved roll, 
the mill rolls can be set tighter than before, while the usual rate of 
milling is maintained. For the conveyance of the cane from one 

' Ann. Bepta., im, 6,389-^90 ; 1922,7,385-386. 

>E.P. 198,120. 

»E.P. 189,216. 

‘ Intern. Sugar J., 1923,462. 
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Brt of mills to the next fonowing, the Meinehke chute,* with its 
absence of moving parts and general simplicity &f construction, is 
reported® to be giving excellent results in Hawaii and Louisiana. 

With the enormous pressure to which the cane is subjected by 
m6dem mills, the exhausted or crushed cane, known as bagasse, 
generally leaves the mill with a water colitent which may.-vary 
from about 43% to 50%. A very remarkable reduction in this 
percentage is claimed to be obtainable by W. Geveke’ in his system 
of extraction of juice from the cane by shredding, macerating, and 
pressing. After crushing and shredding, the cane is sprayed with 
warm water or moist steam and led by means of carriers to plunger 
prcMes. There the material is subjected to a high pressure, 
10,000 lb. per sq. inch, for about a minute, with the result that the 
juice is expressed, leaving a bagasse, containing 25% of water, 
ready for transmission to the boilers for steam raising purposes. 
This pressure is said to be double and the duration tjf the pressure 
about four times that obtainable in a modem milling plant, and the 
cost about half that of the ordinary recognised types of plant. 
Before expressing an opinion regarding the claims here made, there 
are many details one would like to know, e.g., the tonnage of cane 
(or fibre) treated per hour, the quantity of water used and the 
composition of the bagasse, particularly with reference to the amount 
of sugar left in it. It may, further, be permissible to point out 
that N. Deerr,® in an exhaustive series of experiments in the extrac¬ 
tion of juice by mills, found that fineness of division and repeated 
pressings are of more importance than a smaller number of pressings 
at largely increased pressures. 

During the year improvements in the design of null rollers have 
been made by H. W. Aitken,® and in the method of regulating 
hydraulic apparatus for cane mills by D. Stewart and others.*® 

Clarijicatum. —^For long the need has been realised of an efficient 
strainer for the juice coming from the mills, and it is satisfactory to 
know that of recent efficient types of strainers, one invented by 
S. S. Peck,** of a revolving pattern, has stood the test of trial 
in Hawaii, with results, according to W. G. Hall, exceeding 
expectations. 

The procedure adopted in “ tempering ” or defecating the juice 
varies in different localities, for various reasons. For example, in 
Loviisiana,*® at one of the larger factories, the method was tried of 

® Ann. Reptf: 1922, 7, 386. 

® Facta about Sugar, 1923,17, 40. 

’ E.P. 196,224 ; J., 1923, 668a. 

•“ Cano Sugar ” (1921 Edit.), p. 188. 

•B.P. 187,096. 

«E.P. 190,917. 
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adding milk of limejof 11° B. to the cold juice as it entered the ji^ 
strainer. While* improved clarification resulted by this process, it 
was found that all the lime oould,not be added at that stage, owing 
to the formation of the organism Lmamosioc, which is sometimes 
called “frog spawn,” in the tanks and pipes when the Jhioe 
became alkaline, and iSie balance of the lime required was, therefore, 
added at tfle liming tanks. In Hawaii,** various modifications in 
clarification, practice have been tried, and certain conclusions drawn. 
For example, adding lime ccn'-inuously at the mill has not been 
particularly successful in practice, on account of the alkaline 
juices dissolving msol'ible impurities from the bagasse; but, on 
the other hand, defecation at the liming tanks carried to a degree ' 
of alkalinity higher than practised before, has been more generally 
adopted with satisfactory results. 

Rather striking evidence of the advantages claimed to be gained 
by high additions of lime is to be found in a series of tests made by 
H. F. Hadficld** in Hawaii. In order to avoid serious losses, not at¬ 
tributable to mechanical causes, but presumed to be due to inversion, 
liming of juice was resorted to to the extent of 25—^70% in excess 
of that requisite to produce clarification with a neutral reaction, 
while the reaction at settling tanks and presses, and of sweet watera 
used for maceration, was always kept alkaline. As a result, the 
undetermined loss fell from 4-19% to 0-7-1-06%, while the boUiag- 
house recovery was increased by 4r-6%. No disadvantages inci¬ 
dental to this method of working were apparent, beyond the appear¬ 
ance of Leuconostoc, which was not in serious amount. It is stated 
that, notwithstanding the excess of lime used, it was impossible to 
*drop an alkaline low-grade massecuite. Coupled with the fact 
that the gravity-purity of the final molasses increased, by this 
method of working, from 36-42 to 38-12, this would seem to indicate"* 
a destruction of reducing sugars with the formation of glucinic and 
saccharinic acids. As one would naturally expect, the clarified 
juices were very dark in colour. It is to be noted that such alkaline 
working as is here described, would probably result in the pro¬ 
duction of a raw sugar dark in colour, making the refiner’^ subse- , 
quent task correspondingly difficult. 

When one turns, however, to consider special processes for the 
manufacture of plantation white sugars, the advantage of excessive 
liming with the immediate precipitatjon of the excess by carlxai 
dioxide hr sulphur dioxide gas is very apparent. 

A very exhaustive and interesting comparative study of the 
relative adyantages of carbonatation and sulphitation, as these 
processes are term^, ha^been made by F. Maxwell,** witlj spedal 

“ Intern. Sugar J., 86, 204. 
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reference to the manufacture of white sugars frtjm that exceedingly 
gummy cane known as the Uba variety. The difficulties of working 
this cane in South Affica, owing the “ gums,” are very great at 
all stages of operation. Owing to the relatively small quantity of 
lime used in sulpho-defepation factories, it-is found that the gums 
are not wholly removed and in consequonce the subseqpient 
operations are only carried through with great difficulty; particu¬ 
larly is this the case at the filter presses and vacuum pans. In 
order, therefore, to deal with the gums in this notorious cane, much 
heavier liming is required, and the carbonatation process (which 
takes 7-10 times the amount of lime used in sulphitation) has been 
found to effect a more thorough clarification and to ensure the rapid 
and uninterrupted run of all the manipulations which are the 
essential requirements in the manufacture of white sugar. The 
figures quoted by Maxwell in comparing the two methods of clarifi¬ 
cation are extremely interesting. In the years 1917 and 1918, when 
sulphitation was employed, the figures for sucrose in the press 
cake were 8-.57 and 9-69% respectively ; while, for the three years 
of carbonatation practice, the figure was 5-99% for 1920, 2'35% for 
1921, and 0-67% for 1922. The yields of white sugar are sub¬ 
stantially increased by the carbonatation process, the difference in 
yield (as compared with sulphitation) being greater the more 
refractory and gummy the juices are. 

As part of the question of the actual amount of lime that is to be 
added to cane juices, whether for defecation purposes alone, or in 
the white sugar processes where larger quantities are used, there 
has to be considered the mode of application. When, in common 
practice', milk of lime is run into the juice at strainers or liming 
tank, or, in special processes, at sulphiting or carbonating tanks, 
there is considerable risk of local over-liming, due to imperfect 
mixing. Products of decomposition of glucose and colour are 
formed, all prejudicial to good work. This difficulty has been 
referred to several times during the year, and D. J. W. Krenlen’® 
has put forward a method of reducing this trouble, Vhieh consists 
in distributing the milk of lime throughout the juice by means of 
air blown through an atomiser, and has also' designed a special 
apparatus for carrying this idea into practice. Although it is held 
by some exports to be almost impossible to control the addition of 
lime by an automatic device with satisfactory results, owing to 
the constant variation in fhe nature-of the,juice to be treated, 
N. A. Helmer'*made trials, which he considered of some value, 
using a modified water-softener fitted with a special regulating 
arrangement, which allowed variable quantities of milk of lime to 
pass Wording as the juice required. ' • • 

’* Intern. Sugar J., ^923,26,409. , 
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A matter on Yhich considerable difference of opinion may 
legitimately exist is the determination of the actual amount of 
lime needed for satisfactory deflation, and j complete knowledge 
of all the factors applicable to any particular case is necessary to 
form a right judgment. In the majoritj^ of factories the reaction 
of ^0 juice with litrsus and phenolphthalein papers is taken as a 
sufficient gaide, the lime being added until any acidity as shown by 
litmus is neutralised cr even until a slight pink coloration is shown 
on the phenolphthalein pa^^.e-. While this may suffice, with 
proper attention, to produce the desired results, the subject has 
recently received eou«''ileration from H. F. Brewster and W. G. 
Raines, jun.,'*byti.BcoDide,**andbyW.J. Williams and J,A.Gebelin“ 
from the point of view of the hydrogen-ion concentration bf the 
juice. Reference to this matter, and the work particularly of 
Brewster and Raiues and of Beobide, is made later in the Report 
in the section dealing with Chemical Control, but the practical 
tests made by Williams and Gebelin of this method of controlling 
clarification over a whole season’s campaign in Santo Domingo may 
with advantage be considered here. These investigators used the 
drop test on hot juice, and found the indicators suggested by 
Brewster gave quick and satisfactory tests. The j>a value necessary 
to obtain good clarification varied widely from 8-5 to 6 or less 
according to the juice. In the opinion of these chemists, it^is 
evident that it is impossible to stipulate, and adhere to, a definite 
Ph value invariable for all juices. As indicative of improved 
clarification resulting from this method of control, the sugars 
turned out of this factory contained only 48-5 parts of insoluble 
bnatter per 100,000. In the course of working juue from cane 
grown on old fields, it was also found that no change of could 
clarify it completely, and on investigation it was shown that this„ 
was due to silica in a colloidal form ; further, it was surmised that 
a silicious deposit found on the evaporator tubes came from this 
haze in the juice. In this connexion, it may be recalled that 
Muller^ drew attention to the unsatisfactory defecation due to 
colloidal silica in organic combination, and suggested as a remedy 
the superheating 6f the raw juice to 116° C. This subject has 
already received considerable attention from M. Bird,®* and 
recently R. G. W. Farnell,*® the Research Chemist of the British 
Empire Sugar Research Association, has published the result of 
some investigations, on thq effect of* superheating uiJimed cane 
juices. A laboratory experiment showed that 69jC% of the silica 
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a the juice is precipitated at 103° C. and 75-7^0 at 116° C. The 
mportant itejUi “ glucose ratio,” is not given m detan, but it is 
rtated that it fluctuated considerably, showing increases and 
leoreascs from the raw juice figure. Factory tests were made at 
emperaturcs varying from 103'5° to 121° C., and, wliile the 
.abulated comparisons are not,of figures obtained during identical 
finding periods, it is possible to conclude that part of the silica 
jtesent is precipitated and that there is a decomposition of some of 
he gums resulting in a reduction of th^ lime required for satisfactory 
lefecation. 

Among the vital points remaining for further investigation is the 
ionnexion between the hydrogen-ion concentration of the raw 
nice and the inversion of sucrose during superheating. In view 
if experiments made by Deerr,** Brewster and Raines (toe. cit.), 
ferban,*® and others, it may be that the possible loss of sucrose by 
nversion at “ acidities,” in terms of hydrogen-ion concentration, 
a under better control when this principle of ionic dissociation is 
imployed as the guiding factor. 

An apparatus for use in the lugh-temperature clarification of 
lane juices has recently been invented and patented by Duncan 
Stewart and Co., Ltd., and W.Mauss.** It is known that the gummy 
lubstances precipitatable by heat and pressxire are inclined to 
liaintegrate, and in this condition arc liable to choke quickly the 
lurfaoes of any filter used. In the Mauss system, the heated juice 
s passed through a series of tubes designed to prevent the co- 
igulated albuminous matter from breaking up; in consequence, 
ihe filtration difficulties are, it is claimed, reduced. 

Evapomlion .—^If the processes of defecation and filtration have‘ 
)een satisfactorily carried out, there results a clarified juice con¬ 
fining about 85% of water ready for concentration. This 
iperation is carried out in two stages, firstly, by means of multiple 
iSeot evaporators and, secondly, in the vacuum pan, where the 
loncentration is carried to the graining point. One source of 
irouble, common to both evaporating systems, is the risk of loss of 
lugar bjy entrainment in the vapour. In the &st-named system, 
he lose takes place in the last effect, where the' vacuum is highest 
md may be 2fl-27 inches. E. Haddon®’ found serious losses in the 
ast vessel of a quadruple evaporator, but by installing a ‘‘ save-all ” 
)f the type invented by N.A.Helmer,®* which he slightly modified, he 
>ronght these losses down to a negli^ble amount. In Hawaii a 
lumber of factory managers have been experimenting with different 
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devices to lessen the Joss by entrainment, ana A. Fries** presented 
evidence showing thrft in several factories the well-knoyn Stillman 
form of “ save-all ” was found only to reduce and not entirely to 
eliminate loss (|f sugar from this sdUrce, which ftsult is contrary to 
the experience of most users of this trap. It was, however, found 
possible to reduce entrainment to a re&sonable limit by tne 
instalfation ^ wooden baffles for t&e purpose of reducing the 
velocity of the vapour passmg through the apparatus. This 
device proved effective, even when runnmg the factory at the rate 
of 40 tons of cane per hour, while at a lower rate of evaporation no 
sugar at all would be detected in the condensed water by means of 
the sensitive a-naplithol ^est. The concentration proceeds in the 
evaporator until generally a syrup containing about 60% of water 
is obtained. At this pomt the syrup is passed to the vacuum pan 
to be grained. 

Boiling to Grain and Crystallising .—^The boiling methods now 
most commonly adopted in raw sugar factories are directed largely 
towards obtaining only a marketable sugar of about 96° polarisation 
and an exhausted molasses of 36° purity or thereabouts. In order 
to obtain this result, as W. Searby ®“pomts out, it is mevitable that 
there should be a boiling-back of molasses and dark-coloured low- 
grade sugar, with the result that the marketable sugar is built up 
m an impure mother liquor containing too much non-sucrose, iji 
every way detrimental to the colour and the yield. A study 
therefore has been made by H. C. Welle” of the pan-boiling systems, 
in respect of the in-boilmg of non-sugars. In great detail, he con¬ 
trasts four systems and comes to the conclusion that the one which 
is preferable, both from the point of view of the plants-ion «nd the 
refinery, consists in boiling two raws and a low grade which is 
double-purged. 

Simple as this statement may appear, the actual operation of 
producing a maximum yield of sugar, together with an exhausted 
molasses of low purity, is a difficult problem which has engaged 
the attention of technologists for many years. A recent Report” 
drew attention to one of the factors affecting the purity of exhausted 
molasses, viz., the 'presence of fine gram, and, agam, the* whole 
subject has been reviewed by T. van der Linden” in an invesfi- 
gation on the nature of Java molasses. As a result of a study oi 
the question by the Chemical Department of the Java Experiment 
Station, *two conclusions wore arrivM at: firstly, that Javi 
molasses should be regarded as a saturated solution of sucrose, the 
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sucrose content of which 'is governed by the^’influence exerted on 
the solubility by the different constituents, viz.^ invert sugar and 
non-sugars; and, secondly, from the evidence obtained experi¬ 
mentally, that the further exhaustion of Java molasses is possible. 
These conclusions bein^ accepted by van der Linden as scientifically 
sound, the question resolved, itself into onecof ascertaining iqwhat 
manner, technically, they could be proved and carrieddnto practice. 

With the aid of a small experimental installation molasses were 
boiled to a high Brix degree (95'’-98i’5°), at which gravity they were 
just movable in the crystalliser at the ordinary temperature. When 
this point was reached molasses at about 85° Brix was added in quan¬ 
tity sufficient to enable centrifuging to be effected. As a result 
of boiling to a high Brix, and centrifuging at as high a Brix as 
possible and at as low a temperature as possible (30° C.), a molasses 
was obtained having a purity 1-9° lower than one boiled by the 
customary method. In order to ensure the beat conditions for 
obtaining an exhausted molasses by this method of boiling and 
centrifuging, the only part of the ordinary equipment of the factory 
that must be increased is the cooling capacity, so that the molasses 
may have three or four days in which to deposit its sucrose. 
H. C. Prinsen Geerligs,®* whose classic investigations on this 
subject are well known, is in general agreement on the whole with 
van der Linden’s experiments and results as indicating how the 
purity of exhausted molasses may lx* lowered and the sugar therein 
diminished, but is of opinion that they have not elicited anything 
previously unknown. 

It may be recalled that Geerligs,®* in a criticism of a process 
patented by <3. N. S. Williams,®® eight years ago, drew attention to 
methods outlined by him in his books, by which molasses is boiled 
in a vacuum pan on pied-de-cuile of crystals till a mixed massecuite 
of 60° purity and 98° Brix results. When this is cooled in motion 
for thrw days and centrifuged in ordinary Weston centrifugals, it 
is separated into an after-product sugar and a final molasses of 
about 30° purity. It has further to be observed that, however 
desirable it may be to centrifuge a heavy massecuite at as low a 
temperature as possible, the natural viscosity of molasses renders 
such an operation almost impossible, and therefore Geerligs had 
indicated a temperature of 45°C., below which it is inadvisable to go. 

Deterioratim of Raw Sugars. —^The factors affecting deterioration 
of raw sugar in storage and transit .have already receded much 
attention and been adequately dealt frith in^recent Reports.®’ A 
solution of the problem has been announced by^^W. L. Owen,®* who 
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attacks it from the^ bacteriological safe. It is well known that 
certain torute produce abnormal fermentative ehangep in sugar at 
the expense of the Isevulose of the invert sugar present, with the 
usual evolution of carbon dioxide. Owen fias found that by 
inoculating raw sugar with torulse, the action of the moulds (wl\joh 
he hjs previously described as the mpst dangerous group of micro¬ 
organisms ir. sugar) was entirely restrained notwithstanding the 
fact that the fermentutive changes brought about by the torulae 
produced a lowering of the der, I'ty of the molasses film, a condition 
which was most favourable to the invective action of the moulds, 
Aspergillus repens und -I nigcr, which he employed. This restrain¬ 
ing influence he attributes to the toxic effect of the carbon dioxide 
evolved upon the mould fungi. In the case of Aspergillus repens, 
the most active of che moulds occurring in deteriorating sugars, the 
concentration of c ubon dioxide required to prevent growth at 
16°-18°C. was found to be Vi%. In the experiments made by 
Owen, under carefully controlled conditions, the effect of inoculation 
was most marked. In those cases where the film of fermenting 
molasses was present, no deterioration was observed, whereas in 
others, in which torulae were absent, there was a loss of 6% of 
sucrose. These researches are stiU proceeding with the object of 
ascertaining the most suitable type of torulae and the best methods 
to employ them on the Industrial scale. Meanwhile the results 
obtained and the proposals made will bo scrutinised closely by 
those whose work has not hitherto led them to similar conclusions. 

It is generally agreed that the cause of deterioration of sugar in 
store or transit is due to the action of micro-organisms, but the 
Problem is complicated by the chemical and physical n»tu»e of the 
sugars and by atmospheric and climatic conditions. Fully realising 
the correlation of causes, C. A. Browne®* has been investigating the 
moisture absorptive power of different sugars under varying 
conditions of atmospheric humidity, and, independently, W. L. 
Owen** has been studying some of the factors affecting the moisture 
absorption of raw and refined cane sugars. 

Browne’s experiments elicit the interesting fact that Itevulose 
ranks eleventh in order out of a range of seventeen substances, 
when subjected to a 60% humidity for one hour at a temperature 6f 
20° C., but on exposure to a completely saturated atmosphere for 
25 days, its position had changed to fourth in the list and its 
absorptive power wt^ not erfiausted. * 

As supplementary to these figures, Owen’s" stnuy of the same 
subject reveals the fact that the moisture absorption of the samples 
of sugars (plantation whites and standnrd refined granulated) was 
« • • 
la. Planter, 1923, 70. 7. 

"IWd., 1923,70. 88. 

“ioo. eii. 



442 KEPOSTS OT TBS PBOSUSSS OT ATrLTUD CSSMISTItT. 

60% greater at 30° C. that it was at 23-5° C. Owen’s contention 
that it is impossible to manufacture and store*' in perfectly aseptic 
conditions is well supported by others. Nevertheless, all emphasise 
the necessity of cleiiiliness in the factory as a preventive measure, 
an^ Owen quotes the satisfactory results obtained in Hawaii by 
strict attention to thfe important point.* This year the same 
testimony comes from the Philippines. W. E. Kopkej* reports the 
results of successful efforts made to reduce loss of sugar by 
inversion, by paying greater attention to juice strainers, the slats 
of the cush-cush conveyors, and the pipes leading to supply tanks, 
and A. W. Woods" finds a marked improvement in the reaction 
of slimy gro-wths and sucrose-destroying ferments by the application 
of steam at different places where infection is liable to occur. 

The caked condition of raw sugar as delivered at the refinery 
has been frequently observed and adversely commented upon, 
owing to the trouble of remo'ving the sugar from the bag and the 
damage suffered by the bags in consequence. Causes of these 
objectionable features and suggestions for remedying them have 
been made by E. Wuthrich" and H. Walker.** The practice of 
bagging hot sugar in the factory and piling the bags, one on top of 
the other, until a very considerable weight rests on the lower tier, 
is believed by the former to be a contributory cause of caking, but 
not the main factor. From experiments made in factory and 
laboratory, Wuthrich concludes that caking follows when sugars, 
containing a fairly high moisture content, say, 1% or more, are 
brought into surroundhigs where they are partially or wholly dried. 
This is practically the opinion of Walker, who thinks, among other 
reasons" which he speoffies, that a humid atmosphere depositiilg 
moisture on the sugar, induces some sugar to pass into solution; 
while if, later, the atmosphere becomes dry, water evaporates from 
the film, causing supersaturation and crystallisation, the result 
being a cementing of the separate crystals. As both of these 
experts point out, among the chief means of preventing sugars 
from caldng, it is necessary to dry and cool the sugar as much as 
possible before bagging and storing. 

The Beet Sugab Inbustey. 

Home-grown Sugar. —^E'vidences are not lacking of increasing 
interest in the cultivation in Britain of sugar ])eet and manufacture 
of sugar therefrom. Encouraged by* the prospect of immunity 
from a high excise duty (amounting at presently) about £26 per ton), 
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by the hope of financial and agricnltural'benefits accruing to the 
farmers, and by the nSonetary and technical assistance offered by 
The British Sugar Beet Growers’ Society, Ltd., schemes liave been 
formulated which are likely to matbrialise in tlft erection of new 
factories in Suffolk, Yorkshire, and South Lincolnshire in the near 
future, while agriculturistp in other English Counties seem favour¬ 
ably disposed,., towards the erection of a central beet sugar 
factory. The two existing beet factories, Kelham and Cantley, 
will be merged into one company in the spring of 1924. Meanwhile 
the nominal capital of the former haa been drastically reduced by 
writing off 15s. in the £ The English Beet Sugar Corporation 
(working Cantley) ccnclu(i,;d their last season’s operations with a 
net profit of £103,981, which enabled them to reduce their debit 
balance of £118,940, leaving £14,968 as a debit on profit and loss 
account to be wiped ^ut, probably, in the current year. Some 
interest and other charges, amounting to £20,952, have also still to 
be liquidated. These factories co-operated in the campaign of 
1922-23, to the extent that the roots of both areas, amounting to 
64,000 tons, were all worked at Cantley, Kelham remaining idle. 
The working results are considered satisfactory. The average 
sucrose content of the roots was between 16 and 16|% and the 
extraction, in terras of white sugar, reached, for the first time in 
England, 13%. The price paid to the farmers for roots was 
32s. f.o.r., based on a 15J% sucrose content, with a variation' 
of Is. for each \% above or below that figure ; the average 
cost to the factory, including carriage, was between 42s. and 43s. 
per ton. 

Extraction of (he juice—The method most universaUynii ope/ation 
for the winning of sugar from the root is that known as the diffusion 
process, according to which, by a systematic circulation of hot 
water through a battery of vessels containing finely shredded 
beet-roots, the crystalloids (sugars and salts) are caused to diffuse 
through the membrane of the plant-oeUs, leaving the colloidal 
constituents behind. Although this mode of extraction has been 
ahncq), exclusively in use for fifty years, certain disadvantages 
associated with it are fully recognised, and recently modifications 
of it, if not, indeed, entirely new processes, have been described. 
Among the difficulties inherent in this form of extraction is the 
aooumulation.of large amounts of waste waters from batteries and 
from pres^g the exhausted pulp. To.reduce the water used in 
the factory is very desfrable from every point of vieWj nad a method 
of continuous extraction, on the counter-current principle, offers 
great advantages in this respect. A practical test of a system 
based on this pmqjple, pioteoted by patents taken out by K. 
Philipp,** has t&en place in Germany during three campiaigns, 

"QJ. 269.691. 288.670. 
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and H. Danckwerts," ^He manager of the Obemjesa factory in 
which it has been installed, has expressed the cpinioli that the new 
process provides a method well adapted to displace ordinary 
diffusion, its most notable aivantages being: smooth working, 
economy of labour, absence of waste waters, and the comparative 
ease with which frosted rpots may be treated. The installation 
was designed for, and actually operated 1500-1600 tens of roots per 
24 hours. It consisted of three sections: (1) The chip-heating 
system; (2) the extractors, and (3) the control appliances for 
operating the plant. The extracting system was composed of a 
series of twelve rectangular troughs, six and a half feet in width, 
provided with stirrers. In practical operation, beet-chips of 
3 tom. in thickness are introduced into a screw conveyor-trough 
and mixed with several times their weight of hot circulating juice 
at 92°-95° C., drawn from the extractors. In vigorous agitation, 
this mixture of chips and hot juice is conveyed to No. I trough of 
the series where the counter-current extraction begins. The chips 
are then passed from one section of the extraction troughs to the 
next, in contrary motion to the flow of the juice, by means of transfer 
stirrers and valves. When, by tests, it is judged that the juice is 
of proper strength, a portion is drawn off for heating the chips and 
the rest sent to the factory. By this apparatus, now known as the 
Philipp-Forstreuter, a juice of 15-5° Brix was obtained, leaving 
' exhausted chips containing 16-17% of dry substance of which 
1-5% was sugar; of this, however, half was recovered in the press 
water. A comparison between this method of continuous diffusion 
and that described as the “ rapid ” process patented by Pasohen 
and describe'd fully in a recent Eeport,*® wiU show some similarities. 
This latter process, it may be remembered, was subjected to some 
criticism on various grounds, one of them being the low density of 
the resulting juice, viz., 13'29° Brix, and the greater quantity of 
water that, in consequence, had to be evaporated. The figures 
quoted of the performance of the Philipp-Forstreuter apparatus 
seem to indicate an improvement in this respect, and the juice 
obtained appeared to be brighter and better in colour thav. that 
obtakaed from battery diffusion, and ran easily through the factory, 
■working up eventually into a good massecuite. It will be interest¬ 
ing to observe the further development of this system. 

The apparatus devised by J. I. Thomycroft^® for the extraction 
of sugar by a system of continuous diffusion has already been 
described and, favourably commented upon. A further improve¬ 
ment has been made by the inventor, which consists in increasing 
the cross-sectional area of the vertical diffuser in an upward direction. 
By this alteration more space is given at the top (i the diffuser for 
De\U. Zucherind., 1023» 48> 233. 

** Ann. RepU.f 1920, 6, 404-405. 
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iho material (sliced beet) and in consequelioe there is less chance of 
;he diffuser bifcoming choked. , 

These methods of continuous ^ftusion arg but mechanical 
variations of a- well established system of juice extraction not 
nvolving a departure from any recognised nrinciple. In ordinaay 
[iractic* it is customary to avoid rupturirig the cell-wall, for if that 
(fore done, th J process would cease to be one of diffusion, and, by 
the consequent introduction of colloidal (pectinous) substances, the 
purity of the juice would bo low- red, and difficulties in subsequent 
Dperations would arise. An examination, however, of the details 
of the new process of extracting sugar from beets, protected by 
H. Plauson,®" reveals a complete departure from existmg practice. 
Here it is proposed to subject the washed roots to the finest dis¬ 
integration possible in a colloid-mill, in the presence of milk of lime. 
Owing to the fine state of division, chemical action is completed in 
a minute, and saturation with carbon dioxide may bo effected in 
the mill at once. The carbonated juice is then filtered, under high 
pressure, through an ultra-filter press, a clear juice resulting and 
an exhausted residue, with a low water content, containing only 
small quantities of sugar, being left behind. As there do not appear 
to be published records of any trial of this process on the large 
scale, further consideration of it may bo postponed. 

Chrijkation.—The generally adopted method of defecating beet, 
juice is by adding to it a thick milk of lime of about 20° B. at about 
7.')°-80° C. and suhsequcntly introducing carbon dioxide to preci¬ 
pitate the lime. No departure of any great importance from this 
well e.stablishcd system has been announced during tlje year. 

In the preparation of the milk of lime, the last sweet TvatOT from 
the filter presses is frequently used. Attention was called by 
P. Beyersdorfer“ to tbe destruction of sugar that may here take 
place, amounting to 20% of that originally present, especially if 
the temperature on slaking exceeds 100° C. This subject has again 
been investigated by J. Vondrak®* in a series of factory and 
laboratory experiments. These showed that the purity of the milk 
of IMe was practically the same as that of the sweet water from 
which it had been prepared, and its content of soluble calcium 
salts had only increased by a very small amount, whereas, hewf 
decomposition taken place, calcium lactate in appreciable amount 
would have been found. Vondrak is of opinion that Beyersdorfer’s 
method of fleterminin^the sugar remaining in the scums gave results 
much too low. When an insufficient amount of sweet water is 
used for slaking the lime, a loss of sugar might occur and then may 
reach 13%. 

« E.P. 190,314' J., 1923, 155a. 

Ann. Repta., 1921, 8 , 432. 

Zuck&rind. Gztcho-alov.t 1923, 47} 311; J., 1^23, 369a. 
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The action of lime upon beet juice has been studied recently by 
various chemists and the results very fully recoi9ed.®'>- The further 
experiments of V. Skola®* are of interest as showing the compositicm 
. of the precipitate formed by liming with 2% of CaO (1) in the cold; 
asnd (2) at a temperature of 80° C. In the first case, the precipitate 
contained too much mineral matter arid too little nitrogenous 
matter to render it suitable as a cattle fodder; and,‘’further, of the 
2% of lime used, only 13% had been precipitated and 87% had 
passed into solution. When lining at 80° C. the precipitate 
obtained was considerably richer in nitrogen and phosphate. A 
reference to the previous work on this subject will show that 
proposals to defecate first with only a small quantity of lime, and 
to remove the resulting precipitate before proceeding to complete 
liming and carbonating, have not met with favour, one of the 
objections being the difficulty of filtering the slimy precipitate So 
obtained. Skola®* has endeavoured, by various methwls, subsiding, 
mechanical filtration, electro-osmotic drum filtration, and centri¬ 
fuging, to overcome the difficulty, but without conspicuous success. 
It would thus appear from his labours in this field that neither cold 
defecation nor initial treatment of beet juice with small quantities 
of lime offers any advantage over the methods in general use. An 
interesting contribution has been made by H. A. C. Van der Jagt,®* 
by a series of laboratory experiments in which he applies De Haan’s 
.well-known process of cane-juice defecation to the clarification of 
beet juice and compares it to the ordinary mode of practice in 
Holland. De Haan’s method consists in adding lime gradually to 
the juice w,!jile carbon dioxide is simultaneously pumped through 
it, th'fe reaction being maintained at an alkalinity not exceeffing 
0'3 g. of CaO per litre, while the temperature is not allowed to 
exceed 50°C. In beet juice, on account of the absence of “glucose,” 
a higher temperature can be maintained without detriment, and 
therrfore Van der Jagt’s tests with this process were carried out at 
80° and 90° C. From these it would appear that while single 
carbonatation, according to ordinary practice, results in an increase 
in purity of juice of 3’36%, single carbonatation by De Haan’s 
method, at 90° C. results in an increase of 4-38%. These experi¬ 
ments are quoted here in confirmation of the advantages, previously 
referred to,® of producing within the juice a precipitation of calcium 
carbonate which, by virtue of its granular condition, increases the 
adsorption of the colloids. Notwithstanding that less lime is 
required by De Haan’s method than ty ordinary carbonatation, the 
mode of precipitation is favourable to adsorption. 

“ Ann. Repta., 1920, 8, 406-407 ; 1922, 7, 403 

** Z. Zuckerind. Cieeho aim., 1923, 47, 

“ md., 1923, 47, 476 ; J., 1923, 847a. 

Cham. Weakblai, 1923, 80, 9. 

” Arm. Repta., 1^20,5,407. 
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About two years ago, Bioard, Allenet ^ CSe. obtained protection** 
for a prooe8s*for ^rifying beet juice by adding a soluble alginate 
and precipitating alginic acid or calgium alginate^with lime. Details 
have now been-published by E. Saillard** of large-scale trials Of this 
process, made in Prance, and from these jj. is evident that wMle 
the taets were not unseRisfactory, theipurity of the resulting juice, 
or the amouut of nitrogenous matter precipitated, did not diifer 
materially from the results obtained in ordinary practice. The 
filter-press work was adversely. aSxted by the slimy nature of the 
precipitate. Apparently, therefore, this “ Ginal ” process, as it has 
been termed, possesses some disadvantages which, unless overcome, 
will militate against its general adoption. ^ 

In all processes of clarification of sugar juices, cane or beet, by 
treatment with lime and heat, it is of importance to point out that 
the major portion of the impurities, such as gums, pectinous and 
albuminous substances, are eliminated by action of heat and are 
adsorbed by the lime, forming a precipitate which settles out more 
or less re^ily. As the removal of these organic substances, 
colloidal in nature, by a direct, non-chemical method, would tend 
towards simplification of the process and improvement of the 
product, any claims in this direction put forward on behalf of a 
filter are naturally closely examined. Two filters, of this character, 
have recently appeared, the Plauson apparatus,*® and the “ streanv 
line filter ” invented by H. S. Hele-Shaw." The latter has arrested 
considerable attention by its ability to yield clear and colourless 
solutions from dyes, milk, beer, and raw sugar solutions. Although 
it cannot be said that these filters are adequate to, the technical 
rlquirementsof the sugar industry, they are an advance rn cSiything 
of the kind hitherto produced and are probably capable of consider¬ 
able development. 

Dbooloeisiso Oabboss. 

Generally speaking, while much of the work on these products 
carried out recently has been valuable, it is probably true, as J. P. 
Brewster** points out, that the methods of manufacturing these 
carbons have devMoped more quickly than processes for their, 
successful application. The present price of good decoloriaigs 
carbons is so high as to militate against their extensive use, and 
the aim of producers must accordingly be directed towards a 
reduction, in the initial coqt. The interest, therefore, attached 
to methods of manufacturfi largely centres aroupc’ this point,. 

It cannot be said that any of the methods of preparation publish^ 

>• E.p. n3.73S. 

*• Suppl. Cin»heM., No. 1719 of 1922 ; J., 1923, 196a. 

” Intern. Sugar J., 1921, 28, 680. 

“ J., 1923, 363t. 

“ £o. Pkmier, }923, 70 , 471. 
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during the year under review differ in any rajlical way from those 
already well known and described, but allusion'may be made to 
two methods of applying these carbons in sugar production for 
which protection has been obtained. In ordinary practice a small 
parcentago of carbon is simply mixed with the hot sugar solution to 
be decolorised, and the mix,ture filtered through any well-known 
type of filter. Reference to a former Report** will shew that it was 
known that carbons are more effective in slightly acid solutions, and 
that J. F. Brewster and W. G. Raines had translated that acidity 
into terms of hydrogen-ion acidity. Their investigations have 
now developed into a patented process,** and it is claimed that 
by adjusting the hydrogen-ion concentration to an optimum for the 
liquor to be treated the most effective dccolorisation is obtained. 
While the carbon is adsorbing the impurities, the value should 
be 4, but, subsequently, it should bo reduced, to avoid inversion, 
to 6 or 6-5 by partial neutralisation with alkali. Another mode of 
applying carbon to decolorise sugar solution is advanced** with 
the object of reducing the quantity to be used to a minimum. In 
this process, designed for use with beet juices, it is proposed to 
allow the comparatively small amount of carbon which is used to 
act in conjunction with other clarifying agents, like kioselguhr and 
wood-meal, and then subject the whole mixture to treatment with 
lime. After mixing the syrup (50°-60° Brix) with these materials, 
it is treated with sulphur dioxide or carbon dioxide at 90° C., until 
the alkalinity is reduced to 0-01 % CaO. Good cakes and brilliant 
juice are thus obtained, the former containing the carbon being 
subsequently used in the juice at the first carbonatation. 

Passing from these special methods to a consideration of the 
general application of carbons in sugar manufacture, it is possible 
from the experience now gained, and published in recent articles, to 
obtain a fair impression of the capabilities and limitations of this 
system of refining. The possibility of clarifying and decolorising 
cane juice, at one operation, by the addition of a small amount of 
carbon is very attractive, but has not yet been realised in general 
practice on account of the nature and amount of impurities which 
the carbon would thereby be called upon to‘adsorb. Experience 
has shown that in employing so expensive an agent, it is necessary 
before attempting treatment with the carbon, firstly to separate the 
sugar by crystallisation from the bulk of the gums and colouring 
matter, and secondly to subject the spgar so obtained to«B washing 
(afBnation) process to bring it to the* high degree of 99% purity. 
This is confirmed by the experiments of W. H. Dunstone** in 
Louisiana in attempting to deal with cane juice direct, and by 

‘‘’Am. Bepit., 1921 , 8 , 429 . 
tJ.S. P. 1 , 447 , 461 ; J., 1923 , 388 a . 

•• C. Gorlite, and Lehmann u. Voes, G.P. 383,699 ! J.. 1923 . 369 a . 

** Facta about Sagt^r, 1923 , 18 ,190 . 
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J. F. Brewster,” who, referring to th^ same mode of operating, 
draws attention to 'the large amount of carbon reqjiired in the 
process and the correspondingly large regenerating equipment. 

This tendency in modem carbon processes tS lessen the work to 
bo done by the carbon to more or less of a finishing process is sug¬ 
gestive as indicating tl\jit the part carbons'may play in refining is 
limited. Th,“ principal factor that governs this limitation is that of 
revivification or re-activation of the exhausted carbon. This is 
being fully realised by those w<'ll qualified to express an opinion. 
J. N. A. Sauer,®* for example, in a very comprehensive article on 
“ The care and revivification of Norit decolorising carbon,” points 
out that the adsorbed organic matter when burned (in a revivifying 
plant) is transfomied into extremely fine non-porous and non-aStive 
carbon, except when it is given special treatment to activate it. In 
addition to the organic impurities adsorbed, exhausted carbons may 
also contain inorganic matter, like calcium salts and silica, which 
may be present in the raw product dealt with, and it is remarkable 
how the latter can increase if a system of pro-filtering is not in 
operation. This recognition of the importance of revivification is 
welcomed, because it is only through this that expensive carbons 
can ultimately find a permanent place as refining agents. 

Analysis of Sugar Products and Chemical Control. 

Determination of Reducing Sugars .—^The two principal methods-*- 
the gravimetric and the volumetric—of determining invert sugar 
by its reducing action on copper sulphate, are both in common use, 
the former for more exact determination and the latter for routine 
work in sugar factory or refining laboratory. Unfortunately the 
results obtained by the volumetric method arc vitiated by various 
influences, one of them being the ease with which the cuprous oxide 
is re-oxidised. As the common mode of titration requires the 
interruption of boiling for the withdrawal of a portion in order to 
test for unreduced copper with potassium forrocyanide as an 
external indicator, the opportunity of back-oxidation is increased. 
The fact that methylene blue is completely decolorised in hot 
alkaline solutions by^ aldoses and ketoses has been made use, of by 
L. Eynon and J. H. Lane*® by employing it as an indicator hj 
presence of Fehling’s solution. They have shown that the end of 
the reduction coincides with deoolorisation of the methylene blue 
and have outlined the best manner of making the titrations to 
ensure accuracy. In»the analysis of all kinds of sugar products, 
honey, starch conversion products, malt worts, tfnd beers, this 
modification ,of Fehling’s volumetric method has been found 
convenient and expeditiouj and to give as exact results as^ those 

“I Loc. cit. * 

“ Intern. Sugar J., 1923 , 28 , 485 . 

J., 1923 , 32 t . 
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obtained by the gravimetric method. Besides the risk of re- 
oxidation vrhile conducting titrations accordinj; tp Pehfing’s method, 
other factors which adversely affect its accuracy have also been 
investigated during the year by 'jSynon and Lane.™ These chemists 
fqund that the influence which salts of the alkaline-earths exert on 
this determination is very considerable, but, on contrary, others, 
like magnesium sulphate and chloride, aluminium su^hate, 
ammonium chloride, potassium chloride, and normal lead acetate 
are without effect. A series of tests on different sugars disclosed 
the fact that the influence of calcium chloride solution was most 
pronounced on lactose, duo probably to the fact that this sugar is 
less rapidly oxidised by Fchling’s solution and, consequently, more 
tinfe is given for the calcium salts to act upon the sugar. That 
these investigations and results have an important bearing upon 
the most common sugar analysis will be obvious, for most raw 
products (cane more than bwt), syrups and molasses contain 
calcium salts, in some cases in considerable amount. These 
authors have found potassium oxalate to be the most effective 
precipitating agent, which confirms the opinion of others. 

In the standardisation of saccharimeters several refinements in 
method are necessary to ensure accuracy. Amongst the points to 
be observed is the purity of the sugar used in ascertaining the 100° 
^oint of the instrument. It is weU known that small quantities of 
invert sugar present in the sucrose, emounting to 0-006%, may be 
capable of causing an appreciable error, and, in consequence, 
various methods have been proposed for the determination of these 
small percentages. One of them, devised by A. Kraisy,’* has 
recently been subjected to critical examination by I. M. KolthofJ.™ 
who finds it difficult in application and inaccurate in result. This 
latter chemist prefers a modification of J. B. Sumner’s colorimetrie 
method,™ using dinitrosalicylic acid, which, in alkaline solution, in 
presence of dextrose or tovulose, is reduced to a red or orange 
compound, the sucrose present remaining unchanged. Two solu¬ 
tions are employed in this test, one containing the dinitrosalicylic 
acid and sodium carbonate and the other a 4^ solution of sodium 
hydroxide. The operations of reducing the dinitrosalicylic acid and 
of matching the colour in a graduate colorimeter tube against a 
“ blank ” prepared from chemically pure sugar free from invert, 
must be carried out under unvarying conditions. The manner of test, 
as described by Kolthoff, is very simple, and it is stated that, pro¬ 
dded the conditions which he stipulates are adhered to, tSie method 
is preferable to any volumetric one and gives accurate results. 
Determination of Ash .—^The work during the past year confirms 

™.I., 1923, U3t. , 

” Ann. Repte., 1921, 8, 437 ; J., 1921, 31SA. 

''Archie}Suikerind. Nedert.-IndU, 1922,80, 867. 

'• J. Biol. Chem., 1821, 47. 6. 
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what has been clearly establish^ in fsrmer years” particularly 
with regard to th^ f(*8tor to be employed in correcting a snlphated 
ash. For long it has been recognised that the 0'9 factor is in¬ 
accurate, but considerable varia-Kons from this figure make it 
difficult to determine a more exact one. For example, Y. L. l^n 
and J. R. Withrow,” incinerating at 500° C,* consider 0-65 to be flie 
suitaWe factor,; A. Bro3ie and J. M. Reynolds,” as the result of the 
examination of 250 samples in Hawaii, find an average figure of 0-79, 
U. S. Jamison and J. R. Withrow”suggest 0-66, while H. A.Cook’® 
considers it impossible to recommend any definite factor for raw 
sugar. This latter chemist suggests 0-75 as the factor applicable to 
mSasses, while J. F Brcv der’s” figure would be 0-81 for molasses 
and 0'84 for syrup. It seems, therefore, as if this question naight 
be considered one of several equally ripe for settlement by an Inter¬ 
national Commission of Sugar Chemists. There appears to be 
general agreement that silica dishes ^vo results that are too low, 
and Whaley finds nickel dishes, for direct incineration, superior to 
silica and more rapid than when platinum dishes are used, and 
the results quite as accurate.Jamison and Withrow® made a 
number of experiments in porcelain crucibles; as compared 
with platinum ones, identical results wore obtained in both direct 
incineration and sulphating methods. ■ 

Determimtion of Hydrogen-ion Concentration.—The extent of 
chemical control in sugar production has this year been widened by 
a greater recognition of the importance of hydrogen-ion concen¬ 
tration, at difierent stages of the process. In the brewing industry, ^ 
and for water purification,®’ the determination of the pn factor has 
bjen of value, and it is only natural that sugar chemis^should 
ascertain its significance in sugar manufacture. Consequently, 
beginning in the com syrup industry, its application has spread 
throughout. Investigators are agreed that indicators selected by 
Clark and Lubs give satisfactory results. 

The work of Brewster and Raines” and that of J. Beobide in thk 
field has been directed toward the control of the liming of the raw 
juice. The application is simple and the colours obtained cm 
testing with the appropriate indicator are controlled by “ bqffer ” 
solutions of graduated pa values. If it be determined, for example, 

” Ann. Septa., 1918,8,114. 

” Facta abovi Sugar, 1923, 18, 275. 

’• Intern. Sugar J., 1923, 86,102. 

” Ind. tng. Chem., 1C23,16.,S86 ; J., 1923, 414a, 567a. 

Facta about Sugar, 1922, IS, 418 ; J., 1923, 283a. • 

ttj, Aaaoc. Off. Agrtc. Chem., 1923, 6, 365; J., 1923, 414a. 

“ hoc. cU. • 

“ Loe. cU. , 

“ Ann. Be}na.,*im, 7,421. 

"im., 1922,7,483. 

« Intern. Sugar J., 1923, 26, 88. 
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that a good clarification hus been obtained with a titratable acidity 
of 0-25-0'5 c.c. normal per 100 c.o. of juice, withrphenplphthalcin as 
indicator, this would bo equivalent to pa 7. The colour which most 
nearly corresponds to this value is bromocresol purple, which 
indicates a value of Pa 5-2-6-8, and this indicator gives a sharper 
and more satisfactory'end reaction than phenolphthalein. Thus, 
by experience in working with these indicators, j more* exact 
determination of the dissoeiated acid is possible than'by only 
testing with btmus or phenolphthalein papers. What is of value 
in the raw factory is also apphca'ble to the refinery, and H. Z. 
Perkins*® has reviewed the limits of hydrogen-ion concentration at 
the various stages in refining where control is most needed, viz., at 
washing-plant, blow-up tanks, and sweet water evaporators. 
Generally speaking, the degrees of ionisation within which safe 
working is possible lie between p„ 4-0 and 0-8. 

No doubt these preliminary investigations in this section of 
control will be subject to review later, in the light of further 
experience, but meantime tliis mode of assessing reactions as those 
signify in sugar manufacture, offers to the scientific worker in factory 
or laboratory, a better medium of expression than has hitherto 
been available. It seems somewhat incongruous, however, to state 
that notwithstanding the possibility of accurate methods of chemical 
control, reports have come,*® during the year, from different parts 
'of the sugar world indicating that the more elementary and basic 
principles upon which sugar manufacture depends are not always 
fully recognised or practised. 

Chemical Control BesiUts .—The Java control figures for the crop 
of 1923 , issued by the Chemical Department of the Java Sugar 
Experiment Station, and epitomised by H. C. Prinsen Geerligs,*’ 
are always instructive as showing the progress possible with 
scientific management. A comparison between these figures and 
similar ones obtained in Hawaii for 1922 season and compiled by 
E. T. Westly*® is of considerable interest 


Cane— 

Java. 

Hawaii. 

Sucrose . 

.. 12-87 

12-97 

Fibre . 

.. 1319 

12-9S 

Bagasse— 

Sucrose extraction by mills.. 

.. 92-9 

%-98 

Purity in raw juice. 

84-6 

86-84 

Purity of final molasses 

.. 32-0 

38-75 

Lost in bagasse on 100—sucrose 

in cane . 

TJndetermintd loss on 100—sucrose 

. fl 7-07 

• 3-02 

in cane .. .. .. 

.. 2-25 

1-27 


Sugar J., 1923, 86, 368; J., 1823, 1191a. 

IHd., 1923, 25, 85, 409 ; Facte about SugoTt 1923,^7, 40. 
« Ibid., 1923, 85, 298. 

Sugar News, 1926, 4, 177. 
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Commenting upon the Java figures, Gteerligs thinks it is a matter 
for oongratufctiontlfet the purity of the final molasses is the lowest 
on the Java statistics, and when it is rcmemherod th'at this is an 
average figure representing the Wk of 182» factories, it is an 
evidence of excellent work. 

Westly is of opinion Jhat the factor abovt all others determining 
good work i» high purity in the jifice delivered to the mill, a 
condition which most cane growers are doubtless endeavouring to 
obtain. In this connexion it ..hould be said that the ordinarily 
accepted formula for calculatuig mill extractions, viz., sucrose in 
the juice per cent, of sucrose in the cane, does not fully measure the 
efficiency of the oprratio.i, on account of the influence of certain 
inherent conditions beyond the control of the mill management. 
These factors arc the fibre in the canc, the sucrose in the cane, and 
the purity of the juio". E. W. Kopke*® has frequently advocated 
the substitution of fixed constants for tho.se vaiiable elements, in 
order that a formula might bo obtained, from which could be 
calculated the milling efficiency based on the extraction which 
would have resulted had the cane and juice been of standard or 
“ constant ” quality, or, in other words, the ratio of “ accomplish¬ 
ment to po.ssihility.” A similar argument has been applied to the 
work of the boiling station. There is much force and logic in the 
contention, but the difficulty would be in the general acceptance of 
the proposal by Control Stations whose records, for a considerable 
number of years, have been based on the customary formulae, 

STARCHES AND GUMS. 

Slanhes .—There docs not appear to be very much of ^rticula 
interest to report in this department of the carbohydrate industry. 

In the manufacture and preparation of starch from grain o 
tubers, a process has been patented by A. Boidin and J. Effront® 
by which, it is claimed, the bacterial method of digesting thi 
proteins of crude starches and amylaceous substances is improved 
The,materials treated are subjected to an acid fermentation whicl 
causes the nitrogenous matters to pass into solution, the ren^indei 
being used for making starch. In the course of the fermentation { 
special spored microbe is produced which may bo isolated anc 
utilised with advantage in the process. 

In the jpdnstrial use of starch, a series of experiments has beer 
conducted by J. Huetiner and V. Malwin®* on the effect of metallic 
salts of starch and of soap upon the tensile and ripping strain ol 
cotton. As jogards starch, these investigators found that th< 

•• Sugar News,W2i, 2, .577 ; 1323, 4, lOS. 

•'B.P. 171,991. 

"J., 1923, 66t. 
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tipping strain is jncreased (n the air-dry condition, and after drying 
at 100° C. respectively, but drying the cotton‘■atrl20°<0. brings the 
value back to normal. 

As regards analytical data and research on the nature of starch 
it,■will suffice to quote the following; A. K. Ling and W. J. 
Price® have extended fheir method for the,determination of ^tarch 
in barleys and wheats, previously described,® to the determination 
of starch in potatoes. A series of similar tests was carried out and 
the curve for potato starch was found to be almost parallel -with 
that obtained ■with barley starch, under standard conditions of 
hydrolysis with extracts of malt having different diastatio power, 
the only difference being that a larger amount of apparent maltose 
is produced in the case of potato starch. A comparison of twelve 
different methods for determining starch in flour and brans has 
been made by K. Alpors and H. Ziegenspeck.** All the methods 
are considered to suffer from disadvantages and some to give 
inaccurate results. The polarisation methods of Lintner and 
Belschner®^ and of Evers*® are recommended for their simpliohy, 
but the possible error in polarimetric methods is stated to be more 
than 3%. 

With the ■view of ascertaining the conditions which exist when 
starch solution is added to a weak solution of iodine in chloroform, 
■with and without the addition of potassium iodide, J. B. Firth and 
F. S. Watson** have carried out an instructive series of experiments. 
They have found that starch solutions will give an immediate blue 
coloration -with iodine solutions in chloroform for concentrations 
higher than N/1000, and that a small amount of potassium iodide 
{0-192 g, per’ litre) increases considerably the amount of iodine 
transferred to the starch solution. In titrating a solution of iodine 
in chloroform, in contact with starch-solution, with a solution of 
sodium thiosulphate, the starch solution is the first to be decolorised, 
whereas, in the presence of potassium iodide, the chloroform is the 
first to be decolorised. 

A study of the paste characteristics of com starches, particularly 
thin-boiling starches with varying amounts of alkali, has Jreen 
made by C. E. G. Porst and M.Moskowitz*®n8ingthe Bingham-Green 
pfastometer.** Addition of alkali in processing thin-boiling 
starches gives firmer pastes until the starch is nearly neutral. 
Further increases of alkalinity causes the starch paste to be weaker, 

”J. Inal. Brew., 1923, 89, 732 ; J., 1923, 1037At 

“ Ann. Bejjfat, 1922,7, 428; J., 1923, 48t. 

•• Z. Vniera. Nahr. amuaam., 1923, 45,163 ; J., 1923, 903a. 

J., 1907, 281. 
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of smoother consistency and better spraading power, and changes 
general inforiMti^ relating to 

may be mentioned the isolation tf? »■ ^ " 

non-volatile substance from commercial dextrm. This suostanM, 
nZId dextrinosol, is stated to be a cycUcsester of m^istic ac^ 
and to it the vHaraeteristic odour of cofnmercial dextrm is said to be 

due. 

10 « Ber. deuls. Pharm. Oex., 1921. 23. U9 ! J- 1923, 792a. 
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THE FEkMENTA^lON INDUSTEIES. 

By H. Lloyd Hino, 

Consulting Chemist, London. 

Celkbrations marking the Centonary of Pasteur's birth were held 
in Paris and Strasbourg during the last week of May, 1923, and 
naturally lead to some thoughts on the progress of the fermentation 
industries since the time of the illustrious pioneer who <hd so much 
to jaiso them from their former position of empiricism to a place 
among the scientific industries. The brilliant discoveries which 
formed the landmarks in the ordered development of his life-work 
are only a part of the debt which science owes to Pasteur; they 
form the basis of much of our present knowledge of fermentation 
and disease, but, morc^ than that, they are the inspiration which 
has guided countless later workers. Horace Brown has testified* 
to the enthusiasm which his discoveries, opening vistas of fruitful 
mvestigation in ])lace of the rather sterile dogmas of the opposing 
school, awakened in the minds of workers in the fermentation 
industries. Based on the conception of the vital importance of 
the activities of micro-organisms, he set the practice, of fermenta¬ 
tion on a sure foundation and his insight W'ent far to indicate the 
direction in which his successors must look for further knowledge 
of its mechanism. He foresaw the discovery of enzymes and was 
alive tg^ the importance of the reaction of the medium in wdiifh 
micro-organisms lived. Both those conceptions have from year 
to year gained in importance, and the latter is—now that finer 
methods for its measurement are a commonjjlaoe-—^becoming as 
wide in its ai)plications as the all-pervading hydrogen ions arc to 
biological processes. 

Looking through the work pubhshed during recent years, one 
feels that the conception of the hydrogen ions is fast linking up 
isolated facts in fermentation and enzyme action and formulating 
explanations of many processes which were formerly only carried 
out in quite empirical ways. Not only is it offering explanation, 
but it is serving as the basis of methods for the improvement of 
technical processes. Most pf these have come from the Continent, 
where the lager beer breweries offer a wider sjlhcro for their employ¬ 
ment than the‘top-fermcntation concerns of this country. In the 
majority of top-fermentation breweries the broad outlines of the 
process are much the same as they were when P/isteur’s ideas began 
to spread and show the reasons which had led Wwors to thdr 
* Inst. Brew., 1016, 22, 267. 
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adoption on empirical lines. In man/ places the same plant is 
still in use, l^jit wjjhdut the knowledge of the biology and chemistry 
of these processes gained since Pasteur set investigators in the 
right direction it would have beetf impossible tt) modify and adapt 
them to the changed conditions which arose in 1914 with ^le 
rapidity and smoothne^“ that actually wete acliieved. 

CoSiing df'-a to a survey of the literature published this year, 
the spread of M, H. Var Laer’s process for the acidification of the 
mash, based ultimately on the -'iew expressed by Pasteur of the 
fundamental imiiortance of the reaction of the medium, is very 
noticeable on the Contio' it. The idea is by no means new and 
has been carried out for inany years, generally by the development 
in the mash of lactic acid bacteria either by direct moculation 
with cultures or by m, rather haphazard process of natural infection. 
Van Laer’s process, is described in many communications to 
Belgian pubheations and in a paper read before the Institute of 
Brewmg,^ is an elegant adaptation of the use of hydrochloric or 
sulphuric acid for the purpose. It is based on a prehminary 
neutralisation of any alkaUnity existing in the mashing liquor, 
and aflcrw’ards a further addition in the mash tun itself of one of 
these acids until a hydrogen-ion concentration of j)n 5-0 to 5'6 
is obtained in the mash. The reaction aimed at is that which will 
facilitate to the greatest extent the enzymic changes which take 
place in the mash tun and produce wort with a reaction as near aS 
possible to the optimum for the coagulation of proteins in the 
copper and for a pure fermentation, producuig beer sufficiently 
acid to resist bacterial infection but not acid enough to cripple 
tbc culture yeast. • _ 

Van Laer’s paper before the Institute of Brewing was entitled 
“ New Possibilities of Increasing the Brewer’s Extract,” and in it 
he showed the great financial advantages to be gained by the 
adoption of scientific prmciplcs in technical operations which 
hitherto had depended on mechanical improvements hr milling and 
in extraction of the grist by means of mash filters and methods of 
that,kind, to increase extracts. As long ago as 1900 Fembaoh 
showed’ that the activity of amylase and peptase increased, 7 is the 
point of methyl orange neutrality was reached, and it is well 
known that the conditions prevailing in the mash tun are far 
from being those most favourable for the optimum activity of the 
enzymes., This is particularly the ease if the brewing water be 
alkaline or if largo proportions of malt substitutes be used, for 
either of these conditions will reduce the acidity of the mash and 
remove its teaction quite markedly from the optimum for the 
enzymes. The jidyerse c^mditions of the m",sh tun are^ more 

» J. Inst. Brm., 1923, 89, 202 ; J., 1923, 468a. 

> Ibid., 1900, 6. 110, 632. 
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particularly of importance‘in connexion with the changes brought 
about by the peptase and their bearing on the proCuction of a 
wort sufficiently rich in yeast foods when alkaline waters or raw 
grain are used. Ihe increased peptonisation leads to greater 
extract, one-third of the increase being due to solubilised nitro¬ 
genous substances and‘two-thirds to sugars derived from ^tarch 
which would otherwise have escaped conversion fince, it was 
embedded in nitrogen-containing cells which only yield to proteo¬ 
lysis. The increase of soluble niti;ogen in the wort may, imder 
certain conditions, prove a valid objection to the process, and in 
this country, where the malts arc modified to a greater extent on 
the floor than they are for the majority of lager breweries, the 
disadvantages may outweigh the gain in extract that might be 
possible. Generally, too, with well modified malts, the reaction 
of the mash will be nearer the optimum for the enzymes than is 
usual on the Continent, and to that extent the addition of acid to 
the mash, which would prove an extraordinarily difficult problem 
with the usual English mashing appliances, is less necessary. 
This, however, does not minimise the advantages that may be 
gained when a large percentage of raw grain is used or the liquor 
contains notable quantities of carbonates. The addition of acid, as 
the simplest method of treating such liquors, has indeed been 
practised to a small extent in this country for some time, but the 
work of Van Laer makes the process more exact. 

Experimental results advanced by Van Loer show that, with 
what appear to be under-modified malts, an increase of extract of 
8 or 6 lb. per quarter is obtainable over the extract from fine 
ground gnalt.' These are extremely striking results, and if even a 
quarter of that were realised with well mocUfied material the result 
would be worth the trouble of attaining it. The increase of extract 
obtained by peptonisation and neutralisation of the wort to the 
BXtent of about two-thirds of its alkalinity to methyl orange, to a 
Pjj of 6 to 5-5, is due to an increase in the percentage of maltose 
and of proteoses derived from the proteins rendered soluble. The 
relation of maltose to dextrin is, however, kept within desirable 
limits by adjustment of the mashing heats. Tha increase in nitrogen 
may amount to 60 or 60%, compared with that of normal worts 
from the same malt. 

In the brewery increased elimination of nitrogen follows much 
the same proportion and ‘leads to a considerably heauier crop 
of yeast. The .nitrogen content of the BnisheiJ beer is not excessive 
and does not overstep the limits generally considered as the 
maximum admissible for a stable beer. The nitrogen figure 
depends on the nature of the malt and the proportion of raw grain, 
and the degree of peptonisation may be made to vary with any 
particular case nndei consideration. 
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Van La«r’s work also shows the great advantage to the stability 
of the resulting beer attained by an increase of the trfie acidity of 
the wort. He finds that the optimum for the organisms of 
“ turned ” beer is Pb 6-8, while tliat for the development of yeast 
is Pb 6-0, but any increase of the acidity is far more harmful to the 
develppment of ffacchsrobacilliis pastoriamis than of yeast, the 
former Ijeingaincapable of reproduction in worts showing a greater 
free acidity than Pb 5'4. The worts he dealt with were not so 
acid as normal English aU-malt worts, but the prevalence in English 
beers of the infection referred to is sufficient to show the importance 
of control on the lines ho indicates. 

Economic oondiliuns have made a resort to raw grain more and 
more necessary, and much attention has been given to the techfiical 
and scientific aspects of its use, particularly on the Continent. 
In Germany the freedom of the mash tun has led to the “ discovery ” 
of the advantages which its employment oilers, particularly in the 
form of refined grits or pure starch, advantages which have long 
been known and exploited in other parts of Europe and in America. 
Many papers have appeared in the German brewing press, from the 
pen of Windisch and others, on this topic. 

From the experimental brewery at the Berlin Institute F. 
Schonfeld reports* that improvements have been effected in beers 
brewed from malt and raw grain, so that they are now practioallj 
equal to all-malt beers, though the latter are still superior for dark 
lager. As the proportion of raw grain is increased an inferiority 
in fullness and flavour manifests itself, and the tendency in Germany, 
on account of the preference of consumers for all-mcit beers, is 
fit a smaller use of raw grain when commercial cor ditioiarpermit. 
The lower percentage of nitrogen in raw grain brews results in 
smaller yeast crops and slower brightening. The paucity of 
proteins and sUioa in colloidal suspension gives less perfect floccu¬ 
lation and more powdery yeast; the various types of yeast also 
lose their marked individual characteristics and become more 
uniform. This tendency of lower gravity beers, particularly when 
chilled and filtered, to come down to a dead level is also marked in 
this country. In Bhrlin they find that even stock cultures are 
affected in the same way, even in the case of specially typical low? 
attenuatii^ top-fermentation yeasts which frequently have to be 
grown in all-malt worts. The non-floceulent form is, on the other 
hand, better for assisting the> keeping (Jualities of raw grain beers 
and does not entail such frequent changes of stock as was formerly 
the ease. . The flocculent character can be restored by carefully 
drying the ydast and using it in that state for pitching. 

A. E. Berry l»s teview^d® the sources of mai7o imported into 

* V/oeh. Brau., 1923, 40, Nos. 42-47. 

' J. Inst. Bnw., 1923, SH, 219. 
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England, and described tlfc generaj outline of the manufacture of 
flakes giving an indication of the variation in txij-acts^produced by 
flakes of varying degrees of tliickness. 

The influence of acidity in ‘conjunction with alcohol on the 
al^bility of beer has been pointed out also by A. Bamberger.® In 
this case the total, not'the free, acidity ha^ been considered. For 
a beer of 1040 gravity an acidity higher than 0'08%/)f lactic acid 
with an alcohol percentage of 4% are necessary to ensure stability. 
The alcohol is not sufficient in itself to protect the beer from the 
activity of bacteria. 

L. C. Wilson has described’ a simple continuous method for the 
addition of the necessary quantity of acid to the niasliing liquor, 
and'gives the results of his experience in the use of mineral acid. 
He finds the treatment very beneficial in preventing bottle haze 
in chilled beer and in causing the sediment of matured beers to 
settle more firmly in the bottle. Flocculation and settlement of 
sludge on the coolers are also favoured, and the resulting beers are 
sounder. 

In the amiual report of the Lehranstalt at Berlin * an account is 
given of the investigations of W.Windisch and P. Kolbach on acidity 
of the mash. They find that the production of a given degree of 
acidity in the ma,sh entails the addition of far more than the calcu¬ 
lated quantity of acid; whereas in the case of worts the results 
4gree with those calculated. In the mash the extra acid is taken 
up by tertiary phosphates in the husk. A very curious finding is 
that the most acid worts furnish the most alkaline beers, thus 
apparently indicating that yeast does not prefer an acid medium 
but thrjj£cs b«st when it has produced the most suitable degree ef 
acidity by its own fermentative activity. 

F. A. Mason ® has shown that the development of the organism 
known as Acetobackr if., which produces ropincss in beer and was 
described last year by P. Hampshire,’® is inhibited by the addition 
of lactic acid. 

Starch. 

Discussion of the methods for the inereasp of extract in the 
qjash tun naturally lead to a consideration of the advances made 
in our knowledge of the constitution of starch and of the changes 
which it undergoes during conversion. Much of the pioneer work 
in this direction was directly derived from a study of mash tun 
changes in the classical work of C. OfSulliv«n and H. if. Brown. 
More recently \he knowledge of the constitution of the carbo- 

" Woch. Bmu., 192.'!, 40, 92. 

’’ J. Insl. Brew., 1923, 29, 568; J., 1923, 7«2a. 

» Woch. Srau., 1923, 40, Noa. 42-47. 

• Butt. Bureau Bio-Tech., 1923, 288; J., 1923, 323a. 

'• Ibid., 1922, 199; J*,, 1923, 25a. 
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hydrates has been grihtly advanced 1^ the researches of J. C. 
Irvine and iiis sshdol. By processes of methylation Irvine** has 
produced stable methoxy compounds of the simpler sugars which 
have served a^ reference substances in his worlf on the constitution 
of the more complex starch, celluloses, and inulin. Starch ijas 
foun(J to bo built up enjirely of glucose residues, and as a minimum 
the molecu'erjinust contain three glucose units arranged in such a 
way that one pair displays the coupling present in maltose, another 
pair having the coupling charaetoristic of cellulose. 

Irvine advances some very' suggestive ideas on the 7-sugars, 
which throw some light on the difficulties encountered in visualising 
the structure of starch o,ad other colloid carbohydrates which may 
in reality be very labile and from their nature impossible to express 
in terms of the ordinary structural formulse. He suggests that 
the stable sugars an- not the forms which are nrimarily elaborated 
by plants or disrupted by animals, and the stable Isevulose is not 
the Ifflvulosc that exists in combination in sucrose or inulin. This 
transient nature of 7-sugars is not inconsistent with enzyme 
re.sults. Irvine speaks of fleeting glimpses of extraordinarily re¬ 
active sugars which m the process of artificial isolation rearrange 
themselves. They may, however, represent only a condition of 
the sugar molecule and not a chemical individual. 

A. R. Ling and I). R. Nanji point out*^ that the incomplete 
knowledge of the constitution of starch is largely due to thft 
failure of workers to recognise that starch consists of at least two 
constituents, each of which is attacked by malt diastase giving 
rise to products which are difficult to separate. Starch sfranules 
have long been known to consist of two compflma^ which 
have boon given different names by different workers—starch 
cellulose and granulosc, o-amylose and /3-amylosc, amylo-oellulose 
or amylose and amylo-pectm, the former being completely con¬ 
verted to maltose by malt diastase and the latter giving a viscous 
paste when heated with water. Potato and arrowroot starch 
consist almost entirely of amylose and amylo-pectin, but other 
stargjies, as shown by H. H. P. Olayson and S. B. Schryver*® and 
by S. B. Sohryver.and E. M. Thomas,*^ contain hemiceUulose. 
Ling and Nanji find that barley, wheat, and rice starches contai* 
notable quantities of these substances. In wheat, barley, rice, 
and maize starches the ratio of amylose to amylo-pectin is constant, 
namely 2^ 1, but the quantity of hemjcellulose may vary widely. 

In 1891 Lintner ’discovered isomaltose *® in wort and beer 
and as a product of the hydrolysis of starch by* malt diastase. 

“ Ohem. aoo. Trans., 1923, 183. 898. 

« im., 1923, 183, 2666; i, 1923, 1239a. 

“ Bioohem. J* 1923, 17, 470; J., 1923, 1088a. 

** Ibid., 1923, 17, 493; J., 1923, 1088a. 

*‘2. ges. Brauw., 1891, ZH ; Z. angew. Ohm., >892, 10, 268. 
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investigators have geilerally denied its cxisteiice m', 
aboonnt of the nso in their experiments of (Sa^tase |)reparations 
which hydrolyse both amyloso and amylo-ix'ctiii and the difBcnIty 
isolating isomaltose except‘as the osazono. By using dry' 
precipitated barley diastase, which only converts’ the amylose, 
Lnig and Nanji have been able definitelv to show its existence 
among the protlucts of stardh conversion oy malt diastase.* Dry 
precipitated barley diastase produces from starch malfose and 
ojS-hexa-amylose. Amylo-peotin when hydrolysed in presence of 
malt diastase at 55° gives 1 part bf maltose and 2 parts of iso- 
maltose. Isomaltose has {a)D = 140° and R = 80. Ling and 
Nanji, referring to Irvine’s experiments, point out that he employed 
rice«starch, which may contain as much as 18% of hemicellulose, 
and as ho deals with starch as a homogeneous substance rather 
than a complex of various constituents, it is difficult to interpret 
his results quantitatively. The ultimate products of hydrolysis 
which he obtained from methylated starch were a dimethylgluoose 
and 2.3.6-trimethylglucose in the proportion of 2:1. Ling and 
Nanji point out that the major portion of the dimethylglucose 
must have been obtained from tbe amylose portion of starch, 
whilst the trimethylglucose was derived from the isomaltose unit 
contained in the amylo-pectin. 

The ash of starch consists principally of silica and phosphate; 
t)he phosphate is possibly combined as an ester in amylo-pectin, 
and to this is probably to be ascribed the property of forming a 
jelly w'hich is one of the characteristics of amylo-pectin. ling 
and Nanji succeeded in separating the soluble part of the starch 
granule^amyiose, from the insoluble amylo-pectin by keepiqg 
starch paste in a mixtme of ice and salt for several hours. From 
the fibrous cotton-wool-like mass which is precipitated the amylose 
may be extracted by washing with water just below the gelatinising 
point of the starch, leaving the amylo-pectin undissolved. Amylo- 
pectin is converted by the action of the diastase of imgerminated 
barley into the a-amylo-dextrin discovered by J. L. Baker in 1902. 
This substance is not a dextrin, but may be regarded as ajS-hexa- 
amyloje. . 

, Ling and Nanji consider that o-hexa-amylosc, which is, accord¬ 
ing to Fringsheim, the primary amylose of the a-series obtained 
from starch by the action of Bacillus macerans, is the basal urut 
of amylose, and suggest a cqpstitutional formula for it.” A. Pictet 
and R. Jahn*® obtained a trihexeten, distinct from* triamyl- 
ose and isotrtamylose, by heating starch with glycerol at 
210°, and consider that its formation indicates tha\ starch is a 
polymer of trihexose groups rather tljpn a ^lymer of maltose 
anhydride. * 

Ohim. Acta. 1922. 6. 840 : J» 1922. 871a. 
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On a general review of the i!terati*e, it would appear that 
starch has 4)een,tif(ated -y chemists as a substance of 
composition, constitution, and properties, as any other carbon 
compound of the systematic sci' tJio. On this*view organic form, ■ 
,, external structure, and organic .ictions are negligible. SinAr 
''•'treatment of the cellulqse group to be noted with similar results, 
in the metliqds adopted both investigating constitution and in 
interpreiing their data. Ir absence of a critical basis of 
investigation co-ordinate with realities, there has resulted an aoeu* 
mulation of research on secondary side issues, the records of which 
will disappear from t' actual constructive story. This will be 
written in due time upon the comprehensive inclusion of all the. 
factors of the problems presented by these natural substances of 
predominant importance, which are chemical, bio-physical, and, 
above all, industrial 

Until then, formulas of constitution and configuration are 
merely, or should be, short expressions of the results of destructive 
resolutions of varying intensity, with an indeterminate approxima¬ 
tion to reality, the degree of approximation being inversely as the 
intensity of the conditions of reaction involved in laboratory 
investigation. Irvine’s fleeting glimpses of the y-sugars may 
have their application with double force to the parent substances. 
It may be that the groups which make up their very complex 
structure are so labile in their combinations that deductions basej 
upon products of their degradation give fallacious ideas of their 
rAtions one to the other. 

Enzymes. 

•In a paper on the hydrolysis of starch by salts, W. fecdssmann*’ 
brings forward some very striking results. It is generally held 
that enzymic changes are brought about by certain organic colloids 
which are identified as the enzymes themselves. When it was 
found that in certain cases the presence of another substance was 
needed, this was supposed to be secondary in importance and 
called the co-enzyme or activator. Biedermaim has been led to 
attribute a greater importance to the substance which gives thS a 
enzyme its specific activity. This applies particularly to certain ’ 
salte. It is notable that the salts are not only indispensable t^ 
activate the enzyme, but that they can alone hydrolyse starch, 
This is the case, for instance, with chlorides, bromides, and neutral 
phosphates. The presence qf oxygen ns essential, however, for 
the hydrolysis of starch bjf means of salts. Nop Biedermanh. 
points out, what seems the very extraordinary fact, that the othef 
constituent of the complex which constitutes the enzyme, the 
Organic ooUoid ^^oh is always thought of as the enzyme atsdf,. 
cannot attack starch unless it is associated with the salt and with' 
»Biochem. Z., 1923, 185, 482 j J., 1923, 820a. 
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oxygen. One is almost driven\o reverse the usual terminology 
and call the organic colloid the co-enzyme.’ The hydrolysis by 
salts js very much slower than that by diastase ; it may, however, 
be hastened by miffing certain organic compounds, such as glycocoU 
oy other amino-acid or albumose, with the salts. With albumose 
the conversion is verj easy, like that with a dUuto solution of 
diastase, and this suggests the possibility of preparing artificial 
enzymes. Biedermann considers that the hydrolysis of starch by 
inorganic salts can hardly be simply an action of the ions, because 
there is much greater need for tfee intervention of oxygen with 
salts than with diastase, and also because a much greater con¬ 
centration of the salt is necessary to hydrolyse starch than when 
associated with diastase, in which case the minutest trace is 
sufficient to activate the reaction. In the complete absence of 
salts diastase cannot act. 

Referring to tbe two constituents of starch, Biedermann con¬ 
siders that the amylo-pectin and amylose arc not, as Maquenne 
suggested, in the relation of an outer layer to an imier kernel, but 
are intimately intertwined. A solution of amylose free from amylo- 
pectin may be obtained without difficulty by heatmg in water. 
Amylo-pectin completely separated from the amylose gives a 
brown colour with iodine. 

It seems probable that the colloidal nature of the amylose plays 
an important part in the hydrolysis by salts. Its solution is a gel 
contaming very highly dispersed particles of colloid. The oxygon 
may be adsorbed on these particles and act as an oxidising agent. 
The presence of oxidases in diastase must therefore be of oon- 
siderabic importance for the hydrolysis of starch, as the presence 
of oxygen is a factor which cannot bo overlooked. Very dilute 
amylase solutions may bo caused to give conversions arrested at 
dextrins, and this gives support to the idea that the degradation 
of starch goes through two stages, first giving dextrins which 
afterwards give rise to maltose; in fact, the presence of at least 
two enzymes can bo demonstrated. Experiments with salts show 
that the production of maltose is much slower than that of the 
dextrins, and that it does not commence ‘until the achromic 
Jmint is reached. In any case, the whole of the amylose is never 
saccharified. 

A parallelism exists also between the action of amylase and 
salts in relation to the reaction of the medjum. The ■hydrolysis 
by salts only takes place in a perfectly neutral medium. Bieder- 
mann’s researches have not yet arrived at the point when it can be 
decided whether the action of acid or alkali causes a modification 
of th» organic matter which is considfered as' th.' support of the 
diaetatio activator, or whether it acts by removing certain of the 
ons from the inorganic part of the diastase. 
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H. Pringsheim and W. Puohs have (Jesoribed their recent work 
on the activators of enzymes” and distinguish between “co¬ 
enzymes,” T^ich'are found mixed with the enzyme? which they 
activate, and “complements,” which have new biological relation 
with the enzymes to which they must be added to cause activi^. 
Starch hydrolysis generally stops when .about 78% has bdin 
converted to maltose, tlfough, according to Maquenno, malt extracts 
activated with acid can completely convert starch. The complete 
hydrolysis of starch to fermentable sugars is of fundamental 
importance in distilleries, and the largest yield of alcohol is obtained 
by mixing the starch conversions, without any boiling, with yeast. 
The present authors fic'' that the residuary substances left as the 
result of the degradation of starch by diastase are easily .sac¬ 
charified by the use together of diastase and yeast which has been 
liquefied by toluene. This yeast they call the “ complement.” 
It has not been definitely decided whether maltose is the only 
sugar formed in the diastatic hydrolysis of starch, and the presence 
of maltase in malt would lead to the suggestion that it may not 
be, but the present authors state that maltose is the only sugar 
present, and can be obtained in 100% yields from either ordinary 
or soluble starch by diastase and the complement. Lintner and 
Kirschner showed that dextrin could be transformed to maltose 
by the combined action of amylase and yeast, while taka-diastase 
degrades it to dextrose, but the residuary dextrin of the present 
authors is different from that of Lintner and can be freed from 
all traces of reducing sugars. 

The researches of C. J. Lintner and M. Kirschner” were directed 
to the determination of the nature of the ultimate deicti :n obtained 
by the diastatic conversion of starch and to arrive at a dSoisionns 
to the existence or otherwise of maltodextrins. They find that 
the final product of hydrolysis by diastase before maltose may be 
represent^ by the formula (CeHijOsljHjO, and is identical with 
Lintner and Bull’s achroodextrin 11. They consider that no product 
intermediate to this and maltose exists in purely diastatic con¬ 
versions ; that is to say, no maltodextrins are formed under these 
conditions. Any intermediate product found in beer must be 
formed by glyoase.' * , 

The existence of maltase in malt has been much discussed 
L. Maquenne shows “ that malt extract is the seat of a continuofii 
transformation which- gradually raises ,the copper-reducing powet 
and the same result, ibut to^ greater degree, occurs K the presenci 
of maltose. This is most easily explained by tBb conversion o 
maltose to dextrose, and malt extract must consequently contah 

“Bsr., 1923^,* 1762; 1923, 868i. 

angew. Chem., 1923, 86, 119; J., 1923, 322a. 

• Oomplu rend., 1923,176, 804; J., 1923, 1238a. 
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maltase. A. R. Ling and.D. R. ivTanji^ confirm the existence of 
maltase in malt which has not been too highly dried. , Green malt 
contaips considerably more maltase than kilned malt, and its 
presence in barley may be demonstrated by allowing ground 
barley to act on gelatinised starch paste, together with a little 
toluene, at 50° for 24 hours. The enzyme caimot be extracted by 
water from barley, and it is probably rendered soluble during 
germination. The power of the enzyme does not vary directly 
with the diastatic power of the malt as measured on the Lintner 
scale. 

The determination of diastatic power is hedged about with many 
difficulties; different conditions of experiment and slight differ¬ 
ences in reaction of the starch solution give rise to discrepancies 
in the results, and a recognition of this has led W. Windisch, 
W. Dietrich, and P. Kolbach^ to propose a method in which thepn 
of the starch solution is maintained constant by the addition of 
a buffer solution of jjh = 4'3. The process differs from lantner’s 
too in that the diastatic power is measured by the amount of 
maltose extracted from 100 grams of malt determined iodomet- 
rically. 

One of the greatest difficulties in the volumetric method 
for determination of diastatic power has been the recognition of 
the end-point in the titration of the Fehling’s solution, especially 
in artificial light. This difficulty has now been goi over by the 
introduction of methylene blue as an internal indicator. The 
introduction of this indicator by J. H. Lane and L. Eynon“ for 
use in titrations with Fehling’s solution has wonderfully increased 
the acoaLracy'and precision of the volumetric determination fi 
reducing sugars, placing it at least on a level with gravimetric 
methods, and to an equal degree it has made the volumetric deter¬ 
mination of diastatic power more accurate. 

The processes for the determination of diastatic power are not 
however, even with these new methods, made rigidly exact or 
comparable with what occurs in the mash tun. J. Effront showed 
that filter paper absorbs appreciable quantities of diastase socthat 
the sc4ution is appreciably less active after filtration. M. H. Van 
Eaer** finds that the diastatic activity of malt extracts which 
have been clarified by means of a centrifuge is 5% higher than that 
of the same solutions filtered. In the mash tun the enzymes are 
in the presence of large amounts of cplloidal substances, ^nd their 
activity caimot, be considered apart frbm the insoluble substances 
which accompany them. Determinations on amylolytic activity 

“ Biochem. J., 1923,17, 691; J., 1923, 10S9a. 

“ Woeh. Brau., 1922, 39, 213, 219, 226; J., 1922, 961^ 

«J., 1923, 42, 321. 

•• Pern J. Braet., 1»23, 81,,1071. 
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should therefore, to bo strictly Comparable, be carried out under 
conditions similar to those existing in the mash tun. Faber 
observes*® that amylase heated in contact with colloidal material 
is not destroyed or enfeebled in the same manner as in clear solution. • 
It may even "lose its activity temporarily, to regain it later on 
when diffused into the surround-ng liquid, and this may expmin 
why prntice incomplete sacchariftoation is sometimes met with 
in malts wnoso diastatic power determined by the Lintner method 
seems satisfactory. Certainly the conversion in the mash tun and 
the resulting attenuation of the wort do not always agree with the 
diastase as determinert in the usual methods; nor can this be 
wondered at when the .latuie of the materials the enzyme has to 
act on is compared with the purified starch used in the laboratory. 
Discrepancies iji the determination may Also easily occur through 
the use of differentlv prepared or unsuitable soluble starch. The 
supply must be of constant composition. In this connexion 
A. Reychler*® has given a survey of the many methods which have 
been proposed for its preparation, and suggests a new onqin which 
an oxidising agent, potassium bichromate or permanganate, is 
used along with the acid. 

The determination of the starch-liquefying function of diastase 
has always proved even more difficult and uncertain than that of 
the saccharifying. W. Windisch, W. Dietrich, and A. Beyer now 
propose® a method based on the liquefaction of amylo-pectin by 
malt extract. The amylo-pectin is prepared from wheat starch 
and acted upon by the malt extract under specified conditions of 
temperature and pn. The liquid is then filtered and the filtrate 
hydrolysed by hydrochloric acid, the dextrose pr«di oed giving 
a measure of the amylo-pection hydrolysed. The amount of 
starch liquefied by the diastase present in one gram of malt is 
taken as the liquefjdng power. The hquefying powers of malt 
bear no constant relation to their saccharifying power. 

Yeast and Fermentation. 

Fermentation activators continue to receive a considerable 
amoimt of attention. In paHicular, several investigator^ have 
studied the so-called “ bios ” of Wilder, but the discussion as to its 
actual existence ean hardly be said to have yet arrived at any 
finality, nor does its relationship to the vitamins appear to be 
settled. • • 

Yeast cells in very low concentration ran eitner to lerment sugar 
or to grow, but T. B. Heaton** finds that they may be induced to 
* 

•‘Brass, el JIM!., J923, 131 45. 

“ Bull. Sms. Chim. Belg., 1923, 82, 221; J., 1923, 672a. 

" Wash. Brau.. 1923, 40, 49, 56, 61, 67; J., 1923, 613a. 

“ Bioehem. J., 1922,16, 800; J., 1923, 168a. ‘ 


302 



468 BSPOSTS or THS pboobbss or iritrao ohembtet 

f 

do so by the addition of “ bios.” 'He considers that this substance 
may be a vitjamin and has attempted to measure^ it by, the rate of 
fermentation. He concludes that the substance which activates 
minimal concentratibns of yeast is a definite chemical entity which 
may be measured fairly satisfactorily by the fermentation to which 
it gives rise, but that it cannot be identificd.with vitamin B. 

M. B. MacDonald finds^® that there is an increaso(}. growth in a 
sucrose mineral salt solution to which extracts of yeast have been 
added. His experiments indicate that yeast synthesises a sub¬ 
stance which stimulates the growth of the culture to which it has 
been added. Wilder’s “ bios ” is not a vitamin strictly so-called, 
being capable of synthesis by the yeast cell and not an indispensable 
nutnent material for yeast. 

C. Funk and L. Freedman,®” on the other hand, find that yeast 
hardly develops at aU in a medium for which the sugar used has 
been first highly purified. They maintain that the factor B is not 
produced by the yeast unless a product containing the stimulating 
substance, called by Funk and Dubin vitamin D, is added. 

E. J. Fulmer and V. E. Nelson” examine the statement that 
yeast growth in a culture medium is due to a vitamin in the sugar. 
They effected growth in a medium in which a synthetic sugar, 
“ methose,” was used together with salts, making six successive 
sub-cultures; in these the number of cells increased in the pro- 
„ portion of 1 to 100,000,000,000. 

Dealing with maceration juice or expressed yeast juice, H. Haehn 
and H. Schifferdecker find” that cell-free fermentation is very 
favourably affected by the addition of boiled yeast juice, and they 
conclude^ that the constituents of the boiled yeast juice concerned 
’are protective substances which inhibit the action of enzymes 
‘ inimical to fermentation, protecting the zymase from endotryptaee 
and the co-enzyme from hpase. The yeast from German breweries 
is said to contain more endotryptase than formerly on account of 
the use of raw grain, and in consequence the zymase in maceration 
yeast juice is more rapidly destroyed. This observation seems to 
open up & problem of considerable practical importanoe,>. and 
fuggests another reason for the weakening of "termentation in raw 
grain worts in addition to those usually recognised. 

H. von Euler and S. Karlsson endeavoured” to isolate and 
purify the activating substance described by Harden and Young. 
They found that the activity of ferment^ion varied* with the 
amount of co-elizyme present and that the latter could be separated 

, •• J. Biot. Chem., 1923, 66, 489; ,1., 1923, 850a. 

851;,/., 1923, 1146a. 

“Bid., 397. 

•> Woch. Brau., 1923, 40, 175, eto.; ef. J., 1923, 850a. 

“ Z. phyoiol. Chenf., 1922, 128, 90;d.,l‘'“‘’ 
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to a great extent bv dialysis. Sbtainftd from an aqueous extract 
of yeast, it «oul4 be heated to 60° C. without much injury. 

J. Orient found** that many amines activate fermentation in 
dilute solution, but inhibit it at higher stren^hs; some inhibit it 
at concentrations below that at which the^ activate it. ^ 

E.iiindbfxg prefers** to ascertain the activating value of extracts 
containing Utamins by determining their percentage content of 
vitamin B rather than by a yeast reproduction method. Water 
will eliminate co-enzyme from dried yeast to sueh an extent that 
dextrose is no longer fermented and auto-fermentation is also 
restricted. 

R. Rigaux showed** that vitamins have a stimulating action on 
yeast production "nd act as a nutrient. The effect is more marked 
in a weak than in a strong wort. They are not indispensable to re¬ 
production or fementation, as amino-acids could act in a similar 
way; the yeast would then synthesise its vitamins. 

Animal charcoal has also been found to act as a yeast activator 
by E. Abderhalden, who also shows*’ that the amount of glycerol 
formed in its presence during fermentation is greater than without, 
particularly in absence of air. 

R. Willstatter, J. Graser, and R. Kuhn** have based a method 
for the isolation of invertase from yeast juice on the observation 
that it is precipitated completely from autolysed yeast juice which 
has been kept for some months. Its activity seems to vary with 
the content of organically combined phosphorus. WUlrtatter 
also refers** to an a^orption method for the isolation of invertase 
by which preparations 1600 times as active as tjie veast from 
which they were prepared have been obtained. The mrertase of 
autolysed yeast is much better adsorbed by alumina or kaolin 
if the solution containing it be first weU diluted.** 

Yeast is generally held in high estimation as a source of 
vitamin B, but C. Kennedy and L. S. Palmer throw doubt** on 
the correctness of this view. They consider that the eflficienoy of 
yeast in this respect is considerably less than is gmerally believed, 
but'huggest that the vitamin content of young yeast cells may 
differ widely from lhat of mature cells. V. G. Heller also>finda** 
that the efSeiency of dried yeast is lower than that of an equivaksift 
of fresh yeast, owing to partial destruction during drying, and 


« Bio(hem. Z., 1922, 182, 362;.A., 1923,113a. 

1922, 1S2,*110;J., 1922, 962a. 

•* Petit J. Braes., Oct., 1923. 

” PennerUferrseh., 1923, 6, 346; J., 1923, 415a. 

•• Z. phjfiiol. Okem., 1922, 123, 1; J., 1922, 982a. 
“Ber., 1922. 65. 3601; J., 1923, 113a. 

" Z. phyeiol'Ckem., 1922,188,181; J., 1923, 66a. 
** J. Btoi. Chm., 1922, 64, 217; J., 1923, 116a. 
1928, 66 . 386; 7., 1923, 6Ua. 
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that the vitamin content ol yeast grown in Vfort is greater than 
in a synthetip medium. He shows that yeast is oapMe of syn¬ 
thesising both constituents of vritamin B, the antineuritic and 
the growth-promotiiig. i 

Xhe antiscorbutic properties of beer have been believed in for 
many years, and Captain Cook is said to have prevented scurvy by 
giving it to his crews. But this evidently applies to soticthiag very 
different to modem bright beer, which does not seem to possess 
any of the vitamin properties of yeast. Experiments have been 
made to find how far malt may contain vitamins, or whether any 
that exist in the green malt are destroyed during kilning. B. M. 
van Driel finds “ by experimenting with guinea-pigs that malt 
dried' below 60° C. contains none. J. Poenaru also found “ that 
oxen fed on malt soon developed signs of malnutrition which could 
be got over by the addition of chopped straw etc. to their feed. 

A. Tait and L. Fletcher have continued^® their work on the 
development and nutrition of yeast, which was referred to in these 
Reports last year. Their use of malt rootlets as the source of the 
nitrogenous nutrime.it required by the yeast has been criticised, 
and they now advance the evidence which led them to adopt it 
after assuring themselves that there is practically no difference in 
the relative values of the nitrogenous constituents of rootlets and 
nj,alt worts as a yeast food. Their investigations bear on the often- 
discussed question of the need for aeration during fermentation. 
They find that worts are sufficiently aerated by standing 48 hours 
to ensure normal yeast reproduction, and continuous aeration did 
not influence ^e rate of reproduction in their experiments. The 
retarding- influence of carbon dioxide referred to by A. Slator is 
confirmed as well as the necessity of removing this during fermen- 
•tation. The lag phase in the early stages of fermentation, they 
find, may be obviated by seeding with active cultures. These 
authors fail to confirm H. T. Brown’s statement that during active 
reproduction the, rate of yeast growth is a linear function of the 
time, and consider that the compound interest law holds good 
, until multiplication ceases, but that the constant of growth rapdly 
decreases as the food supplies diminish and by-products increase, 
There is a marked retardation in the rate of reproduction in presence 
of 0-7% of alcohol together with the carbon dioxide produced; thif 
is a much lower alcohol percentage than that generally accepted as 
being necessary to bring ab6ut retardation. In their ex^rimenti 
the alcohol formed and the yeast multiplication do not follow the 
same exponential law except in the very early stages of th» fermen¬ 
tation. They show that direct counting gives the best criterion foi 

“ Woch. BraU; 1022, 39, 258. 

“ Intern. Rev. Agric., 1922, 7, 868. 

“ J. Inst. Brew., 1913, 29, 609j J., 1923, 742a. 
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expenments on yeast reproduction. Yariation in the weight of 
cells during <erm§ntation precludes the use of the weight of final 
crops. The measurement of yeasj reproduction and yeast growth 
is not always«the same thing, as is pointed 1)ut by A. Sktor.** 
Determined by counting cells, yeast reproduction is found to ce^e 
whei^the alcohol content reaches about S%, but growth continues 
and an inc (case of 20% is often observed when the number has 
reached its maximum. Improved experimental methods in the 
investigation of the behaviour cf yeast under anaerobic conditions 
show that absence of air docs not prevent growth, but it is very 
restricted when compared with growth in presence of air. With 
small seedings the yeast appears to draw something from the 
medium which allows a certain amount of growth in the entire 
absence of air; possibly both the yeast and wort may contain 
some substance whi m promotes anaerobic growth. A yeast extract 
was indeed found to promote growth under anaerobic conditions, 
but full growth was never obtained. In practical brewing the 
position seems to be as follows. The cells remain quiescent for a 
time before showing buds. Fermentation has then started and the 
saturation of the wort with carbon dioxide is sufficient to prevent 
yeast growth ever attaining its maximum velocity. Lack of air 
and the presence of carbon dioxide slow down the grmvth, and 
bubbling air through the fermenting wort promotes growrth by 
removing carbon dioxide and supplying oxygen to the yeast. Tlte 
number of yeast cells attains its maximum when the alcohol per¬ 
centage has reached about 3%, after which they develop in size to 
the extent of about 20%. 

• Many of the subjects already referred to are also*ur.dfi: hivesti- 
gation at the Versuchs- u. Lehr-anstalt fiir Brauerei, l^rlin, and 
its recently issued Report*’ summarises the work done there during 
the year. The activation of enzymes has been studied in con¬ 
nexion with the amylase of potatoes, which is found to be incapable 
of saccharifying soluble starch except in the presence of certain 
salts or amino-acids. These substances were Iffiemselves found 
to be capable of degrading starch under suitable, conditions. 
H. WentzeU and Rn Kolbach•investigated the degree of dispersion 
of barley proteins in malting, mashing, and fermentation. By the 
aid of ultra-filtration they succeeded in tracing from the barley 
extract to the finished beer the proportions of high molecular 
proteins,, albumoscs, and aipino-acids.present. 

Notes on other subjects sdealt with will be found in the appro¬ 
priate BWtions of this review. Among them are experiments 
on the acidification of the mash, on the use of raw grain, and on the 
preservative aojd bitter principles of hops. 

••J. IiMt. Brew., 1923, 29, 814; J., 1923, 1145a. 

« Wash. Brau., 1923, 40, 42,47. 
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W. Windisch, W. DietAoh, and A. MehKt^ also describe and 
discuss the .separation of proteins of different 'lypei from barley 
by precipitation from the pxtract by means of stannous 
chloride, mercuric’chloride, ferric acetate, uranyl acetate, and 
nvj^gnesium chloride arid by fractional ultra-filtration. 

The Institute op Bkewino Research Sc&BMif. 

Research workers connected with,the fermentation industries are 
faced with very different problems to those generally met with in 
the more truly chemical industries. In the latter processes and 
methods have been built very largely upon laboratory investiga¬ 
tions, and to a certain extent this is true in regard to the newer 
developments in fermentation, but such processes as those of 
brewing and wine-making have, after generations of evolution, 
taken on a more or less stereotyped form, and the schemes of 
organised research which have been set on foot are not directly 
intended to produce new products, nor are they expected to make 
revolutionary changes in methods. There are, however, so many 
unknown quantities in fermentation, in the materials used, or the 
conditions of treatment, that in no industry is research more 
needed. These unknown quantities also involve biological and 
chemical problems of peculiar difficulty; that connected with the 
Constitution of starch, the most important raw material, has 
already been referred to. Many of the problems that await solution 
can be attacked in the laboratory, but there are others that can 
only be studied on the large scale in breweries. Such experiments 
are veryjcostly, and it speaks well for the enthusiasm of brewety 
firms that several are found able and wiHing to bear the risks and 
cost involved. The Reports issued by the Institute of Brewing 
Research Bund Committee during the year show that a large 
amount of work on a technical scale has been done, and that the 
laboratories which are taking part in the scheme are not behind in 
progress made. • The very complexity of the investigations makes 
progress nwessarily rather slow, and perusal of the Reports shows 
how x^iy essential is close co-opeiation between brewers, agri- 
qnlturists, chemists, and biologists. Without a practical know¬ 
ledge of the conditions and results on the large scale laboratory 
research is more than likely to prove of very little value. 

The various schemes of investigatipn are mentioned kere more 
or less in the order in which Reports oil them have appeared in the 
Journal of the Institute of Brewing. 

Timber Investigations .**—^These have been carried bn partly in 
the lahpratories of the Imperial College 6f Scieace xnd Technology, 

Woch. Brm., 1923, 40, 1, 7, 13, etc.'; J., 1923, 284a. 

*• J./nrt. 1923, 88, 361. 
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London, by Miss E.^M. Thomas, nndei'the direction of Professor 
S. B. SchryvA, and partly in co-operation with practical men in the 
cooperages of breweries. It had.already been found thaWsatis-, 
factory timbers were more permeable than unsatisfactory, and that 
the deleterious substances were extracted with greater difficuj^y 
from .the latter during the usual Reasoning processes. It was 
therefor® dtcMed to try various treatments with a view to find that 
which would best draw out these flavouring matters, neutralise 
them, or seat them in. In ittsi laboratory treatment with alkali 
followed by acid gave promising results, but these hopes were not 
borne out by practical t. ial in the cooperage, and the research has 
not revealed any better method for the treatment of timber than 
those currently used, nor any method of making unsatiafadtory 
timber useful. Some American oak is quite suitable for cask¬ 
making, and it har. been found that suitable timber can be dis¬ 
tinguished by chemical and physical tests from unsuitable timber, 
but in order to make use of the results obtained to select suitable 
timbers for market they must be studied at the place of origin of 
the wood in connexion with known varieties or kinds of oak. 

Hop Invesligatiom .—^Two reports of the work carried out under 
the direction of F. L. Pyman, at the Municipal College of Tech¬ 
nology, Manchester, have been issued during the year by the 
Besearoh Fund Committee. In one of these, on “The nature of 
the preservative principles of hops,”®'* T. K. Walker gives a 
brief outline of work which has been done on the preservative 
principles of hops and an indication of the lines on which research 
is desirable. He calls attention to the conclusions of Briant and 
Jfeacham and of Chapman that hop tannin has little preeipitatin^ 
power on the proteins of wort and has indeed very little significanoe 
hi brewing. As the preservative power is generally considered to , 
be associated with the soft resins, the investigators decided to 
make a close study of these very complex substances, and, by < 
means of fractional crystallisation, separate, identify, and determine 
the properties of their constituents. When one considers the 
enorlhous difficulties faced in the analysis of resinous masses such 
as these, and the pefesibility tfiat the preservative substance* might 
be extracted from the hops in some other way than in association 
with the resins, if it actually resides in some such crystalline sub¬ 
stance, as it is suggested, one wonders whether the method iol* 
attempting to extract i* from the resin* is really the most direct or 
whether some other way to* attack the hops direetjy might not in 
the end bp simpler. 

However That may be, the investigators have succeeded in 
_^separating fronuthefa- and^-resins respectively an a-acid, hninnkaii 
^d a ;8-acid, lupulon, which have very considerable interest in that. 

^ " J. Jnrf. Brno., 1823, 1^, 878; J., 1928, 736a. 
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they are only known to eiiist in the hop, and it seems possible that 
the unique value of the hop in brewing may be due' to some con¬ 
stituents peculiar to it. It is^ therefore proposed to investigate 
these acids very th'oroughly to determine their preservative action 
a^d the effect of the hydrogen ion concentration of the wort on 
their solution and surface tension effects, particularly in connexion 
with head-retention. <. , 

In Berlin, W. Windisch and P. Kolbach have carried out a 
research^ on the transformation of hop humulon when boiled in 
aqueous and alcoholic solution, in particular the influence of tem¬ 
perature, oxygen, and buffering. In the normal range of hydrogen 
ion concentration of wort the transformation of humulon depends 
on the amount of buffer substances present since these increase 
the solubility and therefore the degradation. This explains why 
low-gravity worts require longer boiling or stronger hopping than 
those of higher gravity to obtain the same degree of bitterness in 
the beer. The two degradation products, the a- and fS-resins, 
were determined quantitatively. Experiments on the antiseptic 
properties of humulon and its products, and also in connexion 
with lupulon, are in progress. 

In the second report on the “ Extraction of humulon and 
lupulon and a new method for the estimation of the soft resins,” 
T. K. Walker points out that none of the present methods for 
the determination of the resins can be considered as accurate ; he 
suggests the use of methyl alcohol as solvent instead of those 
commonly employed, and describes a process in which it is used. 

This laboratory investigation is complementary to the cultural 
and techliical trials being carried out at Wye College and the East 
Mailing Research Station and at several breweries. E. S. Salmon 
gives an account of the “ Hop investigations, Wye College, 1921 
and 1922,”“ which shows how very important are the endeavours 
to breed new and improved varieties of hops of high preservative 
value and good .flavour and at the same time immune to disease. 
The trials of the selected seedlings at the East Mailing hop gardens 
are giving most encouraging results., In the “ Sixth Report on the 
Trial bf New Varieties of Hops,”'* at East’ Mailing, the same 
mvestigator describes the results obtained for the season 1922. 
Fifty-five new varieties have now become sufficiently established at 
East Mailing for their distinctive characters to be ascertained. In 
all the classes, early, mid-season, and la^ hopsj certain new varieties 
were preferred ‘by the judges to any of the commercial varieties 
grown at the same station. Many of the new varieties also* oroduoed 

“ Woeh. Brau., 1923, 40, 42,47. 
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higher soft and total resins than the odhimeroial varieties tested. 
These results rtestiiy to the value of the work being carried on at 
Wye and East Mailing, and this is further shown by the desire of 
growers to obt^ sets of certain of these varieties. 

The growing trials are rounded off by pvestigations into the 
conditions governing hop-drying. These are described by A.H. 
Burgess iji W^report on the “ Second Season’s Work at the Expe¬ 
rimental Oast, 1922.”®' The amount and proportions of the soft 
and hard resins did not seem Ir, vary with alterations in the amount 
of sulphur used, with variations of temperature between 60° and 
100° C., or with variatic-s in air speed. Reek was found to occur 
if the initial temperature rose above 60° C., or if the air-current 
was too great. 

Brewing Trials with Various Ho-ps .—^Not the least important of the 
investigations carried out under the auspices of the Institute of 
Brewing are the brewing trials with different varieties of hops that 
have been conducted at several well-known breweries during the 
last three years.®* The brews were devised to determine the com¬ 
parative brewing value of certain selected hops. The first year’s 
work, with which the present writer was personally connected, 
was carried out at the brewery of Messrs. Barclay, Perkins and Co., 
Ltd., in London, and had in view a comparison between Tolhurst 
and Golding hops, the former being selected as a hop around whicl^ 
a considerable amount of discussion had arisen; it has very con¬ 
siderable attractions from a grower’s point of view, but few from 
a brewer’s. 

JDuring the second and third years the trials wer^ extended to 
several other well-known varieties of hops and carried Out inde¬ 
pendently at two breweries, Messrs. Barclay’s and Messrs. Mitchells 
and Butler’s, Birmingham. The results obtained were very con¬ 
cordant and are particularly valuable from the fact that the brews 
were made under normal trade conditions and with hops from two 
very different seasons’ growth—^the dry 1921 and jret 1922. Tol- 
hursts proved very markedly inferior to all the ether hops in pre- 
servalive power in all three yjars. The climatic effecff was most 
marked in the case of the Fuggles, which compared rather *badl^ 
with Goldings after a dry year, but were equal to the latter in pre¬ 
servative power after the wet year. The low preservative power 
of the Tolhursts corresponds with a low percentage of resins; but 
that presehrative power is ijot measureii exactly by *he soft resin 
content was proved by making brews with different hops, the 
hopping rato being so calculated that in each brew there was the 
same weight of soft resin pjr barrel. The keeping quality of these 
brews varied vdty *gr®5'%' II preservative property ef the 

•• J. Inst. Brew.. 1923. 29. 403. 
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hops is due to some constituent of the soft resin it would follow thai 
that constituent does not bear a constant ratio to^the weight oi 
soft .-esins, and that it must hp comparatively lacking in the Tol- 
hurst, as that hop'has an even lower preservative power than itf 
Ipw soft resin content would indicate. 

The flavour of hops is a property of equal importance with pre^ 
servative power, and these brews brought out sever? 1 points in this 
connexion. The Tolhursts were found to be as lacking in flavour as 
in preservative power, and it was shown how difficult it is to 
determine from hand examination of a hop what flavour it would 
impart to beer. The Goldings were the best example of this. 
Although judged to be hops of delicate aroma, they imparted a 
ve^ clinging bitter to the beer. Another interesting point in regard 
to flavour is the finding that the “ acid ” flavour of beer is not 
measurable by determination of the acidity by titration. 

Neumann in the lehranstalt Annual Report., states that his expe¬ 
riments show that the hard y-resin is by no means the worthless 
ingredient generally supposed, its power of imparting bitterness to 
beer being 4, as compared to 10 for the a-resin, and 7 for the ;8-resin. 
Its discovery in the finished beer shows that, like the soft resins, 
it is able in part to withstand cooling, fermentation, and storage 
and to contribute to the bitter flavour of the beer. This means 
,that in practice the risk of transforming the soft to hard resins by 
over-long boiling is not so serious as hitherto assumed. Moreover, 
prolonged boiling increases the degree of dispersion of the extrac¬ 
tives and therefore their flavouring effect, thus reducing the con¬ 
sumption of ^expensive material. 

It is interesting to compare these researches on hops with those 
being carried out in Prance. While in England the main lines of 
research are connected with a determination of the brewing value 
of different varieties and the improvement of existing kinds or the 
introduction of new varieties and with the search for the elusive 
preservative principle, the work of M. and Mme. Moreau in Prance 
has had in view ^he discovery of some objective characteristic by 
which the»value of any particular sample of hops could be readily 
determined. For this purpose they propose tef utilise the density of 
’the cones. By measuring this property they are able to demffla- 
strate the deterioration product by the formation of seeds and 
confirm the Continental procedure of destroying aU male plants in the 
hop gardens, though this is quite contrary Jo English cxperienoei,, 
wMch shows that a small developmSnt of s^ is necessary for^’ 
complete development of the cones in this climate. Attention .js ; 
also being paid to the raising of new varieties of hop?from seed. ' 
Prom an agricultural point of view ^ne of ihe^most impmtet' 
sides of investigations on crops is that dealing with the means ^ 

” Woeh. Bran., 1923, 40, 42,47. 
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ex&^ting pests and breeding inmune^ varieties, and when the 
crop is as closely connected as hops or barley with the fermentation 
industries it feoifles equally urgent for them. One ef the diffi¬ 
culties encountered at East Mailing was an outbre^ of the “ mdSaio” 
disease, and tMa, as it affects the hops, is described by E. S. 
Salmon.®* It appears to belong to the “ijirua” group, of which 
the colhmcn'st in this cduntry are the.“ mosaic ” and “ leaf curl ” 
diseases ef pdtato. At present full methods of control are not 
available and cannot be hoped for before the exact nature of the 
disease and the manner of iiiiection are known. These are being 
studied by V. H. Blackman and Mias Lacey. The East Mailing 
trials showed that puUi''g tho affected bines early in the season 
was unsuccessful as a treatment; they, however, suggested the 
very curious possibility that certain varieties of hops, e.g., M46, 
though themselves immune, may act as carriers. Experience in the 
East Mailing Gardens seems to indicate that Fuggles are resistant. 
The identification of three hop diseases, apparently new to this 
country, is an indication of the constant watchfulness required to 
prevent the spread among crops of pests imported from abroad. 
These are the so-called “ downy mildew,” which has been brought 
from America or Japan, and is a potential danger to the hop crop. 
The other two are “ hop leaf spot,” caused by a Cercospora Mtherto 
unknown, and “ hop drop,” which is liable to attack the bhres 
after cold or wet, when the plants are in a weak state, causing th^ 
cones to fall off. These diseases are under investigation by E. S. 
Salmon and H. Wormald.*® 

A very urgent problem is presented by the devastating effect 
tljat “ smut ” sometimes has on barley fields. It is «o .idmpread 
that it is difficult to find seed entirely free from infeotioii; and the 
discovery of some perfectly satisfactory method of disinfection ie 
needed. The older pickling treatment with copper sulphate is now 
generally discredited, and a sprinkle with formaldehyde is recom¬ 
mended by E.S. Salmon and H.Wormald.*® T. Bokomy, however, 
proposes “ a short immersion in a very dDute bojjing solution ol 
copper sulphate. 

Barky. —In no dii;pction are.the interest and close cb-operStion 
of agriculturists in the researches of the Institute of Brewing mor| 
marked than in those coimected with barley. It is recognis^ how 
closely brewing and agriculture are linked in these investigaticaas 
and nothipg can make more surely for ^he prosperity of agriculture 
than that the farmef shonld'be informed clearly and distinctly d 

what the consumer of his products wants. The brewing industrj 

» 
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is eager to increase if possible tfee proportion of materials available 
from British soils, and men eminent in the .science of agriculture 
are co-opemting in this direction. Among theSn th*e name of Sir 
Johif Russell staijds out as shairman of the Barley Research 
Committee, which has issued a report on the fir A year’s work.“ 
Ifader the title of the,“ Influenee of Soil, Season, and Manuring on 
the Quality of Barley,” it sets out the fesults which havfe been 
obtained after a most difficult season, elimaticaSy, for barley 
growing. It deseribes the variation in the crops from Plumage 
Archer seed grown at thirteen selected farms in various barley¬ 
growing districts of the country on five plots in each case treated 
with a series of artificial manures so made up as to determine the 
individual effect of each component. The complete fertiliser has 
increased the yield at each farm, but no very definite results have 
yet arisen from the manures in which one constituent was omitted, 
nor was that to be expected after one season’s trials only, par¬ 
ticularly when the season was so difficult. It is expected, however, 
that further years’ investigations will show the value of the different 
ingredients under various conditions of soil, so that the farmer may 
be much more definitely advised than at present what types of manure 
to use. In general an increase of nitrogen in the manure resulted 
in poorer barley, but the quahty of the crop was determined to a 
much greater extent by regional factors, conditions of soil, 
plimate, etc. 

The possibility of developing new varieties of barley, better 
suited than the present sorts to the maltster, the brewer, and the 
farmer, is being investigated at the National Institute of Agricul¬ 
tural Botany at Cambridge and elsewhere. The Department ,of 
Agricultilre and Technical Instruction for Ireland reports “ on the 
work of the Seed Propagation Department for 1922 in connexion 
with new varieties of barley in large- and small-scale experiments. 
Excellent crosses between Archer and Spratt and Archer and 
Goldthorpe have been obtained. In particular the “ Spratt-Archer ” 
has proved itsejf to be a considerable advance on .^cher in both 
yield and quality* Research with a similar end in view is being 
conducted'in Prance,while at Dajdem, Berlin, one object of the 
Irials'is to find out what effect nitrogenous manuring in known 
amounts had on eight different races of barley. 

Damp malts have for long been considered by English brewers 
as most detrimental to the quality of the resulting beer; but on 
the Continent and in the production 6{ lager beer generally a much 
higher degree Of moisture is tolerated. W. Wind'seb *6 considers' 

“ J. Inst. Brew., 1923, 29, 024. 
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that moisture fer se is not detrintental^but during storage it will 
bring about spontaneously changes which completely alter the 
characteristic? of the malt and lead to the production of beer of 
_ reduced stability and quality. Re-drying is notrfi. cure, as it cannot 
restore quahtiel whiclahave been lost during the defoctiye storage, 
during which its diastatic activities have been re-awakened. M. H. 
Van iJtu-r pr’nts out tAat in some lightly kilned malts there may 
be 40—60% Variation in the power of germination. During storage 
in a damp state proteolytic changes may therefore take place 
leading to the production of auuno-acids, which are basic as well 
as acidic, and may bring the reaction of the wort produced from the 
malt nearer to the neut:- .1 point. The diastatic activity of these 
malts is reduced and they are much more sensitive to any unfavour¬ 
able conditions in t^-e mash. It appears to be above all the diastase 
of the malt which suffers during defective storage. 

H. M. Lancaster” states that his experience has led him 
to the conclusion that the conditions that make for the pro¬ 
duction of a diastatic malt from any barley arc almost wholly 
decided by the character of the barley, and that the modifications 
that can he made by the malting process are small. If a barley of 
deficient diastatic potentiality is being dealt with, care must be 
exercised in the matter of kiln heats, and consequently the last 
1—2% of moisture is not easy to expel. 

Proposed National Institute of Industrul 
Micro-biology. 

^11 the schemes of research set on foot under the a«spu,es of the 
Institute of Brewing Research Committee have a directly technical 
object connected with the brewing indastry and with agriculture, 
and are concerned with a small part only of the problems which 
await solution in the domain of fermentation; Exhaustive study 
of these problems with satisfactory co-ordination of the various 
interests concerned would seem to be possible only through the 
formation of a central independent institute deroted to research 
and with facilities fjr the proyision of specialised trailUi^. The 
establishment of such a National Institute of Industrial Slioro-* 
biolo^ was strongly advocated by A, Chaston Chapman at a joint 
meeting of the Biochemical Society and the London Section of the 
Society of Chemical Industry.*® Contributions to the discussion by 
leaders in the various departments of t^e science of fermentation 
showed how wide was the field which awaited exploration, and 
what great advances in industrial chemistry might follow from 
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organised study of the activities of micro-organisms. The pro¬ 
duction of glycerol, aldehyde, citric and pyruvic acids, acetone, 
and butyl alcohol either from starch or cellulose was mentioned to 
exemplify what is feeing done, but owing to the lack of co-ordination 
in research a combined attack on any of the big problems calling 
for solution was rendered very difficult. Sir William Pope sup¬ 
ported the plea for the foun^tion of such an Institute in the 
assurance that closer application to the study oi the chemical 
activities of micro-organisms would lead to results of the utmost 
scientific and technological impottance; it is indeed difficult to 
name one industry dealing with animal or vegetable products 
which is not intimately dependent on enzyme action and in which 
the nature of that enzyme activity has been sufficiently studied 
from the chemical side. 

F. 6. Hopkins suggested that if the permeability of the cell were 
modified, and if a greater number of species were utilised, the 
variety of products would be greatly increased, and A. Harden 
referred to the possibility of using dead instead of living micro¬ 
organisms, thereby greatly simplifying the operations involved. 
In agriculture micro-organisms are of the greatest importance, and 
Sir John Russell instanced ensilage and the breaking down of straw 
by bacterial action for the production of methane, hydrogen, or 
artificial manure. 

UliTEA-VIOLBT RADIATIONS. 

For some years the beneficial effect of ultra-violet rays on yeast 
has been made use of at the Peroni Brewery, Rome, but unfavour¬ 
able results have been obtained by some experimenters. To a 
large extent ttese unsatisfactory residts seem to have been obtaij>.ed 
through the use of yeast which had become altogether too feeble 
for satisfactory fermentation. Such yeast would be almost 
certainly killed rather than regenerated by the application of ultra¬ 
violet radiation, just as the unprotected bacteria are killed in 
Topley, Barnard, and Wilson’s method*® for obtaining pure growths 
from a single cell in bacterial cultures. The action of the rays is 
comparable to that of antiseptics. Applied to pitching yeast in a 
correct manner, it decides a selection, the weaker cells being 
cdestroyed while the more vigorous survive with even increased 
activity. P. Lindner confirmed™ de Fazi’s results on the accelera¬ 
tion of fermentation under the action of the rays, but pointed out 
that treated in thin layers and at rest the death of th§ yeast was 
likely to occur. A. Fembach™ has»theref6re re-investigated the 
whole question at de Fazi’s desire. The experiments on which file 
practical application of ultra-violet rays are based have been 
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repeated at the Pasteur Institute* Paris( and proved so successful 
in showing tb^ inojeaSed activity of the treated yeast that practical 
trials were decided on and carried out at the Brasserie des Mpulin- 
, eaux, Paris. TJhe procedure at th? brewery w*s to mix the yeast 
to be treated with wort and cause it to run by means of a pump jn 
a thin^stream over a plate beneath a quarts mercury vapour lamp. 
The treated yeast was then used for 'pitching and gave uniformly 
better results than thoie obtained in a control fermentation with 
untreated yeast. Attenuation was increased, the head on the 
fermenting vessel and the foam on the finished beer were improved, 
and there was a me re or leas marked difference in flavour in favour 
of the treated yeast, 'me yeast cells also appeared to be more 
healthy when examined under the microscope, and in practice they 
retained through several generations the increased activity im¬ 
parted to them. L Pincussen finds that diasti.se loses its activity 
on exposure to ultra-violet light, and tliat the destruction is 
greatest at pn 4'G, the optimum for diastatic activity. 

Reference has just been made to increased attenuation as an 
indication of the improvement of yeast; the importance of a 
sufficient fermentation and its bearing on the stability of beer is 
very generally recognised and was empha-sised in a paper by C. G. * 
Matthews,™ with special reference to the stability of summer 
brewings. Sometimes it is difficult to apportion the blame for 
defective fermentations between materials and yeast. Windisch* 
considers ™ that there was some justification for supposing that the 
climatic conditions of 1921 were largely responsible for the frequent 
boiling fermentations noticed in worts made from *hat year’s 
bAleys. Kropff also reports an instance of boiling'fermentation 
which could be attributed to the malt alone. But in other cases 
change of yeast produced bad fermentations and defective attenua¬ 
tion from malts which had previously given.normal results. In 
this case, however, the criticism might be offered that the defective 
fermentations were really due to decrease in the enzymic activity 
of the malt on storage. Windisch refers to compleiijnts of insufficient 
primary fermentation with the malts made from 1922 barleys, and 
suggests that an explanation is'to be found in incomplete degrada¬ 
tion of proteins and a consequent coating of the yeast cells with* 
minute particles which prevent transfusion. The low wort acidity 
from these particular barleys may be supposed to be the cause of 
the low preteolytic aqfivity. .6. M. Johnson attributes’® the poor 
attenuations which have beedme more common of r^ent years to a 

selective lotion on the yeast through its continued use in low- 
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gravity worts. The strofigly attenuative yeasts have been gra- 
.daally eliminated, and those yeasts best adapted tp low-gravity 
worta and which produce little alcohol have become predominant. 
This selection of tlfe less attenuative yeasts has als<j been favoured 
by the rapid fermentations generally used. The yeast which is 
thrown up most rapidly is that which attepuates to a lesser degree, 
and this has in many cases 'been taken for pitching Yeast dege¬ 
neration was felt most acutely in Germany during the war, when 
of necessity the worts were exceedingly weak. H. Dietsche states 
that a sudden change took place in the appearance of the yea?t; it 
became black or grey, and had a very bitter flavour. He attributes 
the degeneration to the formation of a film of impurities on the 
cellb with consequent prevention of the normal diffusion. In 
normal worts fermentation is sufficiently active to clean the cells 
naturally, and sufficient alcohol is formed to precipitate substances 
which otherwise would remain in a colloidal condition. P.Petit’® 
discusses very fully the causes of and remedies for sluggish fer¬ 
mentations, and gives a method for removing- these adhering 
colloidal films. Abnormalities of this kind were rather prevalent 
■with worts from the 1922 barley malts. 

' Quite a number of very useful papers on practical subjects have 
appeared during the year in the Journal of the Institute of Brewing 
and other Journals ; among them reference may be made to a few. 

Carbonated Beer,” by H. Abbot,” and also a scries by the same 
author which has appeared in the Brewers’ Journal, on a subject 
which the author characterises as unpopular, form a very com¬ 
prehensive set of articles on a method of dealing with beer that is 
gradually gaming ground in this country for top-fcrmentatfbn 
beers, as it had previously done in America for lager, and is doing 
at present on the Continent both for top- and bottom-fermentation. 
The appearance of Jbeer is fast becoming a point of the highest 
importance m its manufacture, and there is no doubt chilling and 
carbonating well carried out lead to great improvements. There are 
several methoefe ^of chilling, and three of the most frequently 
employed systems are described’® by A. Hadley, “Quick and'Semi- 
quickr Chilling ”; P. K. Le May,*“The Slow Chilli^ Process— 
’Maturation and Chilling in Tank” ; and “Slow Chilling—Matura¬ 
tion and Chilling in Cask,” by H. Abbot. If appearance is gained -; 
by these chilling processes, they do not produce a beer that is veiy ’ 
stable in bottle. Up to the present pasteurigation seenrs to be ^ 
only certain ^^ethod which will prodvfce a stable beer of this.wt. 
The various methods of pasteurisation are described t^y Vi^el,’* 

Brasil , el Malt .. 1923, 13, 97. 

” Inst. Brew., 1923, 29, 8. ‘ 

Ibid., 1923, 29, 958. 

Brewers J., 1929, 59t 665. 



THS TEBsIeNT^IIOH 133 

and pasteurisation, together wit^ the processes for the removal 
of the nitrog(a(ious,sut)stanoes which are so inimical to^stability, in 
a paper on the “ Principles and Practice of Bottling,” by fl. L. 
Hind.“ Headiformation is one of the most important properties 
which go to make the perfect beer, and one of the chief factors^ 
it is tj>e carbonic acid content of beer, wffich is the subject of a 
paper by J. j^.Baker and H. F. F;. Httlton,“ in which a method for 
determinmg the carbon dioxide in beer is described, together with 
the results of their determine.*' of the change of carbon dioxide 
content during brewing and delivery of beer in tank to the retailer. 
The effect on the pala* if decreasing saturation with gas is very 
marked, but the presence of gas is only one of the factors which 
goes towards the formation of head. Head-retention is egifally 
important, and this subject has been discussed by the same 
authors,®^ who have lealt very fully with the published literature 
in a valuable contribution which will serve as the basis for much 
further research on a subject which is as yet far from fully worked 
out. H. Frcundlich® states that head-retention depends firstly 
on the colloids which permit of the formation of bubbles through 
lowering of the siuface tension of the beer, and secondly on those 
that accumulate at the surface and render the walls of the bubbles* 
viscous and tough, so that they do not readily collapse. W. Seott®^ 
has made a very notable advance in providing a means by which 
the head may be retained in cask beer when sent out for^slow 
draught. It is based on keeping the cask, filled under pressure, 
with the bung underneath, so that no gas can escape round the 
shive, and providmg a special tap for withdrawing beer as rujuired. 

•Several papers on the 1922 season’s barleys have ippaared, and 
they should prove very useful in future years as a reference to the 
effect of a bad season on the crop and as a guide to malting and 
their subsequent treatment when similar wet years come round 
again. Those read before the Institute of Brewing were by H. M. 
Chubb and C. E. Sutcliffe,*® and by J. Stewart.** W. Windisch*® 
deab more fully with the worts and beers produ8ed, and records 
the lewer acidity of worts produced and the consequent importance 
of precautions to increase iShis when similar conditions, arise. 

Infection in the brewery has been dealt with by M. H. Van Laer,* 
and in regard to sarcina by H. Heron in a paper ®* in which he 
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describes very serious infection by Pediococcus in two breweries 
and the methods by which he was able to ideiitify it ?nd ultimately 
overoome tie trouble. 

The elimination' of waste is one of the subjects of highest im¬ 
portance in all manufacturing concerns. The means by which it 
should be kept down to the lowest possibje limit in brewerjes was 
the subject of a paper by A. Riley.®'’ One sowoe of waste is 
the liquor pressed from grains previous to drying. Attention has 
been drawn to the value of this Jiquor by H. E. Dryden,*^ who 
also discusses the quantity of oil in the mash and in grains. 

How far waste could be saved by the use of the centrifuge it is 
difficult at present to say. An article by L. Pierre on the different 
types of centrifuges and the selection of the most suitable in any 
special case is very useful in this connection. 

“Brewing Waters”®® is the title of a very useful book by C. A. 
Warren, deahng with the constitution of brewing waters and their 
treatment. The author draws attention to the value of magnesium 
salts m brewing waters - -a consideration that is frequently over¬ 
looked. 

Athird edition of A. Harden’s “Alcoholic Fermentation”®^has 
appeared and testifies to the popularity of this volume of the series 
of monographs on Biochemistry. 

* “The Action of Alcohol on Man,®" by E. H. Starling,is a critical 
scientific study of a subject which provides tlio raison d'kre for the 
existence of the fermentation industries so fur as they are concerned 
with beverages, and is a book of such authority that it must remain 
a standard wwk of reference in this connexion. ^ 

The tintometer has from its convenience and simplicity become 
the standard instrument for detcrmhiing colour m browuig labora¬ 
tories, but it has several defects which lead to discrepancies in 
measurement under diverse conditions. These largely depend on 
the fact that the glasses do not represent even approximately pure 
spectrum coloufc, and though a perfect match be obtained under 
definite condition^of light and concentration, it will cease to piatch 
if the.source of light be changed oi the depth of solution varied, 
ffhis defect is particularly marked in places liable to fog, and the 
introduction of artificial illuminante with which sufficiently accurate 
and constant results may be obtained is very helpful. N. C. 
Boetlestone describes ®® how an electric globe may bo .used wi& 
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very satisfactory results, and slicAvs thjt they compare very well 
with dayligh| determinations except with low colours, when the 
electric light gives readings 0'5° liigher. The whole subject of 
colour determination is very ablj* discussed l^y H. R. Prdbter,” 
and a simplified accurate method for the determination of the 
colour of brown solutions described, • • 

On^ of th less gcner?illy appreciated difficulties encountered in 
bottling, and particular'y with pasteurised beer, is the precipitation 
of proteins by electrolytes dissolved from the bottle glass, which 
results in reduced stability anu production of haze. A. Disez 
considers that it is due ' . negatively charged colloidal silicic acid 
from the glass. He reco...racuds the use of hot dilute hydrochloric 
acid in the preliminary soaking of the bottles as a precaution.. 

It is sometimes necessary to prepare dried yeast for pitching 
purposes, and difficid'y is encountered in the bability to autolysis. 
This has been got over by J. Raux and R. Bloch in a new process 
in which the yeast is more rapidly dried by using plates of plaster 
of Paris. The product has a weight about 30% of that of the cor¬ 
responding pressed yeast, and will maintain its fermenting power 
for at least two years. 

In this country the mash filter has not made great headway, 
possibly one explanation being found in the fact that malt mills 
as generally made are not perfectly adapted to that process, and in 
consequence trials with the grists produced by unsuitable miljs 
have led to rather disappointing results. The teehnique of mash- 
filter brewing and the adjustments required in the milling and 
actual mashing conditions arc fully described by J. Raux*** in a 
v#iy that should prove very useful to intending usersjof I’lo filter. 

The production of »-butyl alcohol and acetone by fermentation 
of carbohydrate material is a comparatively new industry, and 
hitherto not much attention has been given to the recovery of the* 
gaseous products of the process. How important it is to consider 
these products may be gathered from the statement of E. W. Blair, 
T. S. Wheeler, and J. Reilly**'* that from 30 tons ^f maize as much 
as 295,000 cubic feet of gas is evolved in 36 hours, and they describe 
a method whereby §0,000 cubic feet of pure hydrogen or even more 
can be obtained from it. 

Plant and Pkocesses. 

The pessibilities of filtration on a. technical scale have been 
enormously increascJl by if. S. Hele-Shaw’s introd.iction of the 
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“stream-line filter .’’!}■■ disifenses entirely with pulp or any 
other material through which the liquid to <be^ filtered is passed, 
and makes'use of sheets of impervious paper packed together 
under pressure aai held in af suitable casing. The sheets are , 
pierced with two sets of holes forming a series of tutes through the 
pSek. The liquid to be filtered enters through one set of tubes 
and passes between the individual sheets o^ paper, leaving afl solid 
matter where it enters round the walls of these chanhels, and 
passes out by the other set of tubes. No appUcation seems yet 
to have been made to the fermentation industries, but the require¬ 
ments of the bottling departments of breweries would seem to call 
for an examination of the feasibility of its use and possible supe¬ 
riority to pulp filters. It might also prove suitable for the separa¬ 
tion of yeast and for other purposes in the brewery itself. 

Stainless steel is a material with very great possibilities in the 
construction of brewery vessels, but at present rather ruled out of 
court on account of its high cost. J. H. G. Monypenny*"’ deals 
with the conditions which govern its resistance to attack by liquids. 
Water and vinegar have no action on it. 

E. Willemart describes'®* a new digestion mashing process by 
.which the mash is conducted in a closed copper-lined iron vessel . 
capable of withstanding a pressure of 1 atm. and fitted with draw¬ 
off taps on different levels for the clear wort. It also contains a 
Weigel propeller and the necessary fittings for water and steam. 
Mashing is commenced at 18° C., and after C to 16 hours the clear 
supernatant Hquid is drawn off. The thick mash is then diluted 
and mashed successively at 50° and 70° and boiled. After cooling 
to 70° the clear wort drawn off is returned to the mash. It,is 
claimed that the gain in extract is very marked. 

Wine, Cidee, and Othbe Beverages. 

In the opening paragraphs of this Report reference was made 
to the enthusiasm with which Pasteur’s discoveries were received 
in the brewing* industry and the immense influence they have 
exercised fince liis day. Though the debt of viticulture to 
Pasteur was perhaps even more dii^ct in that it owed to him its 
rescue from the devastating effects of silk-worm disease, wine*/ 
making is still much behind distilleries, breweries, vinegar breweries, 
and dairies in^the application of his principles, and wine suffers 
from the failure to make, use of pyire culture fermentation in 
stability and in that the ordinary qualities have not all the finesse 
that they miglit possess. There are no doubt many chfficulties in 
the application of pure fermentation to wine, but Tjk ^ffbet has 

v**. t I > 

'®<>roc. &try. Soc., 1923, A108. 856; J., 1923,3641. *■ 

“> Faraday Soc., April, 1923, J., 1923, 467 a. 

"‘Petit J. Brass., 1923, 81, 719. 
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shown'*®' how it can be carried ouWith great commercial advantage 
and the production gl wine that has much improved quality and 
keeping pro^rticS. A. Jarraud has described'®® a, method by 
which wine could be aged by mean* of electroly|is, which catffies .an 
oxidation and brings about changes in wine comparable to those 
which occur during natural maturation. Jn three months white 
wines’have apparently hged three years ; bottled then they taste 
after six^monVlia like wines ten years old. 

The manufacture of cider is still almost entirely in the hands of 
small concerns, who find it iinp issible to make use of refrigeration 
methods which would greatly increase the regularity and quality 
of the product. 

C. Lambertdeals with this a.speot of cider-making very fully, 
pointing out the advantages that would be obtained if through co¬ 
operation refrigerating machinery could be installed for cold- 
storage of fruit, for the fermenting rooms, and for bottling with gas. 
Transport could also be greatly improved by the use of ice and more 
particularly by concentration of cider by freezing, a process which 
permits of the production of a concentrated juice which can after¬ 
wards be diluted for sale. 

The work of the fermentation laboratory and cider brewing 
station at Ettelbruek, Luxembourg, is described'®* by J. P. Wagnert 
It is devoted chiefly to research work dealing with simple processes 
for the manufacture of beverages from native fruit, and prepares 
cultures of suitable yeasts for distribution to farmers. 

C. T. Symons'®® describes the production of arrack in Ceylon 
from the juice drawn from the young inflorescence of the coconut 
nalm. The Government has a model distillery, an^ the analyses 
' of the spirit produced show an improvement over the native 
product, particularly in the copper content. 

Cellulose Fermentatkjn. 

Two papers have appeared on the direct bacterial fermen¬ 
tation of cellulose, dealing with the large-sgale oxperimente 
oarrjed out by Power Spirits, Ltd., at Epsom. The first"® is a 
very general reviey of the subject and the possibilities of direct 
fermentation, by H. Langwell and H. Lloyd Hind, in whlbh aljp 
the possibilities of its application to certain of the by-products of 
brewing, grains and spent hops, were mentioned. The second"* 
formed ^art of a discussion at the Society of Chemical Industry, 

w® Ann. Brass, et 1S23, 22, 106. 

“• im., 1923, 105. 

‘i"Z6M.,.1923, 77. 

“• Intern, fiev. Agric., 1922, 18, 629. 

“• J., 1923,#62t. • 

“»/. Inst. Brew., 1923, 29, 302. 
m J.. 1923. 2SftT. 
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and was presented by A. iH. L^n and H. Langwell; in it the 
course of the experiments and their results" were dealt with in 
greater detail. The fermentation can bo controlled to produce 
either* alcohol or aootic acid at Vill. The results already obtained 
indicate that the fermentation of cellulose is likely to be an im- 
pe^ant industry in the near future. The direct fermentation 
process can deal with annual'growths sued as straw^ without any 
preliminary treatment other than softening by steam 'alone or 
with a small amount of dilute acid which enables the material 
easily to be broken down into a pul^). 

Sir Frederic Nathan referred^*^ to the production, as the result 
of fermentation, of methane, which oilers possibilities in connexion 
with.the synthetic production of formaldehyde and methyl alcohol. 

In the course of the same discussion H. B. Hutchinson referred 
to the investigations he had carried out in conjunction with E. H. 
Biohards at Rothamsted on the bacterial treatment of straw, 
which had developed into a commercial method for the production 
of artificial manure from vegetable refuse. 

C. Neuberg”* has shown that acetaldehyde is an intermediate 
product in both the hydrogen and methane cellulose fermentations. 
,Mme. Y. Khouvine has examined the cellulose-fermenting 
organisms (BaciUm cellvlosoe dissolvens n.sp.) from the intestines, 
and finds that as the purity of the culture increases so its activity 
decreases. This can be corrected by the addition of an extract of 
horse manure to the cultures, and the author concludes that the 
organism requires its nitrogen in a degraded form. 

For resistant celluloses, wood waste, and the like, saccharification 
processes are more suitable than direct fermentation. H. Terrisfo 
and M. Eevy”® improve on their original patent by drying the 
sawdust etc. to 6% water before treatment with hydrochloric acid 
' solution. The material remains powdery and the acid recovery is 
simpler. The processf is modified to be continuous. E. C. Sherrard 
and W. H. Gauger find“®that small quantities of certain mineraf 
salts, such as Mercuric chloride, cobalt nitrate, zinc sulphate, 
ferric sulphate, &rti magnesium sulphate give rise to increases in 
the amount of alcohol obtainable from a given,amount of sawdust 
^hen used in conjunction with the sulphuric acid in the saccharifi¬ 
cation process. Preliminary treatment of the sawdust -with 1% 
caustic soda solution was found to retard the formation of fer¬ 
mentable sugars, while chlprination followed by treatipent with 
sodium sulphite inhibited it. 

*1923,2791. 

^Biockem. Zeita., 1923, 139, 627; J., 1923,993a. 

Ann. Inst. Pasteur » 1923, 37, 711. 

“•E.P. 186,139; J., 1922, 910a. ' 
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By 0. W,Monieb-Williams, O.'B.E., M.C., Pli.D., P.I.C., 
Ministry of Health, London. 

DuTHNa the year under review no outstanding advance has been 
made in any dopartmeni of food chemistry, although a number of 
papi'rs of considerable interest have been published, ranging over 
a wide field. • 

Vitamins etc, 

The mechanism the formation of vitamuib in plants has been 
furtlier investigated by Miss K. H. Coward,* who has examined 
the conditions under which vitamin A is jwoduced. She concludes 
as a residt of her experiments that the essential factor is light, and 
that neither carbon dioxide, oxygen, chlorophyll, nor calcium salt 
is necessary for the purpose. The light, moreover, may be of long 
wave-length, and need not contain ultra-violet rays. ThesS 
olrservalions would seem to narrow the issue considerably, as 
hitherto chlorophyll has been considered to be an essential factor 
in the formation of vitamin A. Possibly, after all, the yellow 
colouring matters or lipochromes of plants, carrotcnc, xantho- 
phyll, and the fucoxanthin of sea-weeds, may be the active agents. 
Drummond in 1919 prepared pure crystalline carroteiio from 
carrots, and found it to bo completely lacking in growth^romoting 
power, so that carrotene itself is not a vitamin.* Several investi¬ 
gators have shown, how'ever, that a certain parallelism exists, 
between carrotene content and vitamin cqptent in plants, and 
Miss Coward has now shown that some hpochrome is always 
associated with the vitamin in plant tissues.* 

We are still without definite indications' \o the chemical 
nature of vitamins, but an interesting piece of wprk by K. 
Takahashi and K.* Kawakami* seems to bring us nearer to a 
solution of the problem. These investigators, starting with 1 kf. 
of cod liver oil, removed the fatty acids by saponification, and the 
cholesterol by means of digitonin, and subjected the residual 
syrup, after solution in a small quantity of methyl alcohol, to a 
temperature of -20° C. They thus obtained abqut 1 gram of a 
semi-cryjtalline product, containing carbon, hydrogen, and oxygen, 

'Bioehem. J.. 19J3,17, 1J4 ; J., r923, 41 ;a. 

’ Ann. Repuf, 1921, 6, 47(1. * 

* Bwdiem. J., 1923,17,14,5 ; J., 1923,4nA. 

* J. Chem. Soe.$Iapan, >923, 44, 590 ; J., 1923, 904a, 
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but no nitrogen, which they considered was almost pure vitamin A. 
It appeared to he of an aldehydio nature. A ipouse at the point of 
death owing,to lack of vitamin A was restored tv> hedlth hy being 
given "O-OS mg. of this substance daily for a period of 10 days. 
Previous experience of the claims of investigators to have isolated 
vitamins makes one ch,ary of accepting these statements without 
further examination. Vitamins have bceh shown to be readily 
adsorbed hy, and carried down with, other suhstoncesj and it 
remains to he seen whether the growth-promoting qualities of this 
substance are retained or gradually, lost when it is further pmdfied 
hy recrystallisation. 

The action of light as an auxiliary factor in the promotion of 
growth has been the subject of fm-ther experiments carried out in 
Vienna and London, and definite evidence has been obtained that 
air which has been irradiated by the light from a mercury-vapour 
quartz lamp is capable of producing prolongation of norm^ growth 
in rats on a diet deficient in fat-soluble vitamins.® 

J. Effront® has examined the absorption of pepsin by various 
substances, and finds that this enzyme may be separated to a 
great extent from accompanying proteins and other nitrogenous 
substances by absorption on paper pulp. The absorbed pepsin 
‘contains only 0-4% of nitrogen, and is five times as active as the 
original preparation. Effront concludes from this that pepsin is 
not of a protein nature and may be entirely free from nitrogen. 

Milk and Dairy Peoducts. 

The determination of the freezing point as part of the routine 
examination milk appears to be established in America, and qn 
apparatus termed the “Hortvet” oryoscope is to be found in' 
many laboratories concerned with dairy products. In this 
‘apparatus the necessary reduction of temperature is obtained by 
the evaporation of ether in a vacuum flask, and it is stated that 
not more than 10 — 16 c.'c. of ether is lost by evaporation in each 
' determination. Jt has been shown by many workers that the 
freezing point is the most constant property exhibited by piilk, 
and that, plovided that the milk be jjot sour, tUs method furnishes 
^^liablb iidormation in oases of watering. The determination of 
the correct freezing point of milk is a matter of considerable 
difficulty, necessitating elaborate precautions in order to avoid 
the errors due to supercooling and to the occasional formation of 
an ice film on the imier surface of the, vessel*, both of which tend 
to make^ the observed freezing point too low. In the Hortvet 
oryoscope these errors are liable to occur, but by working ulways in 
the same way the results obtained are comparable one wtth another, 
* * ^ 

* E. M. Hume and H. H. Smith, Biochem. J., 1923,364. 
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although the actual figures are pfobab^ Irom 0-016° to OKIM" too 
low. The fr^in^ point of a solution of 7 grams of oane sugar in 
100 c.c. of water at 20° C. is given by the Hortvet.oryosoope ah 
-0-422°, whereas the value given*by P. M. Rpoult,’ oorreoCed for 
supercooling, fs -0-409°, a difference which would correspond to 
about 3% of added water. Exact detemiinations could no doubt 
be mMe with the Hor#vet eryoscopo if the freezing point of milk 
were cofhparfti, under identical conditions, with that of a standard 
solution of cano sugar of approximately the same osmotic pressure, 
both values being then corrt-ctjo for supercooling by comparison 
with the very accurate determinations made by Raoult on cane 
sugar, butfor pract'calp .rposes the error referred to above may not 
be of great significance. It is pointed out in a pamphlet de^aling 
with standard methods of milk analysis that a tolerance of 3% may 
be allowed in calculating the results, but this appears to be based 
on the natural variation observed in the freezing point of milk, 
rather than on the presence of a constant supercooling error. 

The freezing point method appears to be finding favour also in 
Germany, Holland, and Switzerland. Gronover* gives results 
obtained by it, but here again it would seem that the error duo to 
supercooling has been neglected. 

The so-called “ simplified molecular concentration constant ” ot 
milk, introduced by L. Mathieu and L.Eerro,® which is a figure based 
on the percentages of lactose and chlorine; is the subject of,a 
critical study by C. Porcher.“ This figure is stated never to fall 
below 70 for genuine milk, and to furnish a reliable indication of 
w'atering. 

, The pasteurisation of milk by electrical heating i% carried out in 
America by moans of the “ Electropure ” process." ' The ndlk is 
passed upwards between carbon electrodes embedded in opposite 
walls of a hard rubber composition material which is in turn fixed 
in a rectangular upright metallic box. Theipassage of the current 
between the electrodes rapidly raises the*temperature of the milk to 
165° F. (74° C.), after which the milk flows out cqptinuously to the* 
coejpi. It is stated that milk treated in this way does not develop 
the “ cooked ” taste which js liable to occur when «iilk is pas¬ 
teurised in the ordinary way. This process is very much the same- 
as the one introduced several years ago at Liverpool 1^ J. fi. 
Beattie and F. C. Lewis, and which was the subject of a report by 
the Medical Research Council in 1920." Being a “ flash ” process 
it could not be us»d in tWs countr;f for the production of gas- 

'Z.phyaik. Ghem., 1898, 87, 617. 

* Z.Vntera. Nahr, Oenmrni., 1923, 48,18. 
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“ Special Bepoft SenetJ^Flo. 49) of the Medkal Research Council, 1920. 
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teurised milk, unless the ipilk \«!re subsequently held at 146° F. 
for half an hour. 

Owing tO' the occasional use of hy^oolilorftcs fir sterilising 
utensils used in dairy work, miD: is liable to be contaminated with 
traces of chlorine compounds. P. Rupp” has iiiecstigated the 
extent to which hypochlorites can be detected in milk, and has 
found that by means of potassium iodide knd starch it is possible 
to detect 1 part of available chlorine in 50,000 parts'of milk. The 
test, however, is less sensitive if the milk has been kept for any 
length of time at the room tempcrahire, and at best it would seem 
capable of furnishing definite indications only in cases of com¬ 
paratively heavy contamination. 

A useful conference on the pasteui’isation of milli was held at 
the Guildhall on November 21st, under the au.spiocs of the National 
Clean Milk Society. Papers were read dealing with the physical, 
chemical, bacteriological, and biochemical changes which may 
occur as a result of pasteurisation, and it may not bo out of place 
in this connexion to refer again to the work of P. Rupp in 1913,** 
which appears to have escaped the notice of many workers in this 
country. Rupp determined the amount of soluble lime and 
phosphoric acid in the serum obtained from raw milk and from 
milk pasteurised at different temperatures, and found that oven at 
155° F. (68-3° C.), the highest pasteurising tomp'rature used by 
him, the changes were trifling, within the limits of exjjcrimental 
error. This does not, of course, exclude the possibility that 
calcium phosphate may be changed from a colloidally dispersed 
form to a form definitely insoluble, but if calcium phosphate were 
thus rendered insoluble at pasteurising temperatures we, shou,l.d 
expect to find a considerable precipitate or sludge left behind at 
the bottom of the pasteuriser. This is not the case, although it 
might possibly happen at temperatures nearer the boiling point. 

Rupp also investigated the extent to which lactalhumin is 
coagulated by pasteurisation. He found that no coagulation at all 
■ occurs in milk heated to 145° F. (62-8° C.) for 30 minutes. At 
150° F. (66-6° C.)uthe coagulation of albumin had begun, 5'71% 
being rendered insoluble. At 155° F. (68'3° C.) the quantity had 
increased to 12-76%, whilst at 160° F. {71-1° C.) 30-87% of the 
lactalhumin had been coagulated. 

The changes in the coagulability of the casein, also, were com¬ 
paratively slight. In milk pasteurised at temperatures up to 
149° F. (65° C.) the casoiti coagulates with.renidn slightly more 
rapidly than dees raw milk. At 158° F. (70° C.) a retardation of 
rennin coagulation sets in, and at 167° F. (75° C.) ^tho time of 
coagulation has become nearly double. 

Awier. J. Pkarm.i 1923, 95, 49. 

166, Bweau^of Animal Induntry^ U.S. Dept^of Agric., 1913. 
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The recent introduction in this countfy of Regulations embodying 
standards for coisdcnsed and dried mito has directed attention to 
the methods of analysis of thes^ products, and incidentally has 
revived the oantroversy as to the adoption d! standard methods. 
While, no doubt, it is highly desirable that analysts should c^e 
to segue agreement as to which methods ^re capable of giving the 
most accu.ag; results, the general trend of opinion seems to be 
against rigid standardL,ation, except in special cases. On the one 
hand, it is contended that n'.’'...'acturcrs of, and dealers in, food¬ 
stuffs, who buy and sell their products on an analytical basis, are 
liable constantly to b' 'uvolved in costly disputes and litigation 
owing to the varying results obtained by rival analysts employing 
different methods. On the other hand, it is held that standatdisa- 
tion tends to stereotype methods of analysis, to hamper progress, 
and to discourage analytical research. Mor over, it is not by 
any means certain that the adoption of a standard method will 
invariably secure agreement, and an inaccurate result obtained by 
careless application of a standard method would be more likely to 
secure the verdict in a disimte than an accurate result obtained 
in some other way. 

A scheme has been put forward by the Society of Public Analyst#, 
according to which chemists and analysts interested in any par¬ 
ticular industries are invited to confer among themselves upon 
cases where divergent results have occurred owing to the use of 
different methods of analysis, and to submit reports to appropriate 
committees of the Society, these reports, after consideration, to be 
^)ublished in The Amlysl. No specific recommendation will bo 
made as to the employment of any particular method3,«thc object 
of the scheme being to insure that all the information available is 
brought to the notice of Public Analysts and others who may beg 
called upon to undertake the analyses in question. 

The analysis of dried milk forms the* subject of two papers by 
H. jepheott and A. C. Bacharach.^® They hav* investigated the ’ 
degree of accuracy with which lactose can be determined by copper 
reduction methods^ and find, that the modified method of F. A. 
Quisumbing and A. W. Thomas” is superior to all others fti pomt 
of accuracy. The latter authors claimed to have found that in the 
ordinary method of heating the sugar solution with Fehling’s 
solution in a boiling water bath for 12 minutes considerable errors 
were introduced by* the varying degree of auto-reduction of the 
Fehling’s solution. They also stated that the temperature of the 
mixture^* when immersed in boiling water, was not constant and 
was subject to variationj dependent upon atmospheric pressure. 

“ Analyst, 1921), 48, 529 ; Abs., 1924, B., 30. 

'•iWd., 1923,18, 521. . 
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By carrying out the reductSon in a thermostat at 80° C., no auio- . 
reduction of Fehling’s solution took place, and eirors ^lue to varia¬ 
tions in temperature were avoided. Many other points were 
brought out in Qu&umbing and Thomas’s work, which is worthy 
ofjplose study by all chemists interested in sugar analysis. It 
would seem doubtful, however, whether fhe degree of acqpracy 
claimed by these authors, a" percentage error of approximately 
± 0'12% of copper oxide, is in fact attainable. The writer has 
found that duplicate experiments,, carried out with every pre¬ 
caution, do not always show this high degree of concordance, and 
Bacharach, working under the exact conditions laid down by 
Quisumbing and Thomas, obtained consistently a higher weight of 
copper oxide (about 101-7 instead of 100) for a given weight of 
lactose. It would seem that sufficient importance has not hitherto 
been attached to the exact size and shape of the vessel in which the 
copper reduction is effected. It is quite easy, by altering the size 
and shape of the vessel and the amount of free air space above the 
liquid, to obtain results differing from each other by as much as 
6%, or even more, of the total weight of copper oxide found. 

Although a large number of copper reduction tables are now in 
bxistence, adapted to varying methods of workii^, the only safe 
course would seem to be for the analyst himself to check his own 
results on pure sugars under the precise conditions of working 
adopted by him. 

In this connexion an important paper by J. H. Lane and 
L. E 3 mon’* may be noted dealing with the use of methylene blue 
as an internal,indicator in the volumetric determination of sugars. 
It is stated that by this method results agreeing to within 0-1 c.fc. - 
maybe obtained in titrations requiring from 15 to 50 c.c. of the 
.sugar solution. 

In an American patent’* a claim is made for the manufacture of' 
a foodstuff by mixing milk with converted starch products and 
dryng the mixture. If such products are placed on sale in this 
country, the analyst, under the Dried Milk Regulations, may be 
faced with‘the problem of determ,ining lactose in presence of 
qialtosfe, dextrose, and dextrins. This is by ho means an easy 
matter, as is evident from J. L. Baker’s work for the Local Govern¬ 
ment Board in 1914.“ 

The determination of fat in dried milks by different methods 
frequently gives rise to discordant resqlts, and H. Jephooty’ gives 
the results of determinations carried out by direct ether extraction, 
by the Werher-Schmidt method, and by the Rose-GottUeb* method. 

“J., 1923, 32t. , 

“U.S.P. 1,446,120; J., 1923, 372a. 

” Food Reports No. 20, Local Oovemment Board, 1914. 

“ Analj/et, 1923, 48, 929; Abs., 1924, B, 30. * * 
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Hisresults oonfirin the experience of mc8t analysts that direct ether 
extraction i» quite useless in the case of dried mito. The per¬ 
centage of fat obtained, even after^ extraction for 20 hours, may be 
more than 5% below the truth. Both the Wemer-Schmidt and 
Rose-Gottlieb methods are capable of yielding correct results, pfo- 
videetthat due precautions arc taken to avoid loss of fat. Of the 
two metjioJ..,the former is preferabfe, as it is sometimes difSculi 
to secure complete solution of the milk powder in the Rose-Gotth'et 
method. 

K. Brauer,^ in an examination of the different methods oi 
determining fat in sweefrned condensed milks, finds that the most 
accurate method is that in which proteins and fat arc precipitatec 
from the diluted milk by Fehling’s copper solution and the &rie( 
precipitate is extracted with ether. 

A. J. Swaving “ gives an account of the official control of cheest 
in Holland in respect of its fat content. The total production o: 
milk in Holland is estimated at 3600 million litres annually, o: 
which only 900 million is consumed as such, the remaining 2701 
million litres being turned into butter, cheese, condensed and driec 
milk, etc. The export of cheese from Holland amounted in 192! 
to over 50,000 tons, and it is considered of the highest importance 
in the interests of the export trade, that there should be an adequate 
system of official guarantees. Whole milk cheese (Gouda cheese) 
is required to contain a minimum of 45% of milk fat calculated on 
the dry cheese. Edam cheese and some brands of Gouda cheese 
are mside from partly skimmed mUk, and the lower limit of fat is 
40%. In North Holland, where most of this chee^ i.^ m.-.do, the 
• dheese factories will, apparently, take only one d^very of milk 
a day, and it is customary for the farmer slightly to skinr the 
afternoon milk, and hold it over until next morning for delivery, 
together with the morning milk. The cheeqps are labelled with a 
transparent disc made of a casein preparation, on which is stamped 
the minimum fat percentage and the word “ velvet ” (full cream) 
for a whole milk cheese. Cheeses made from’pjrtly skimmed milk 
are stamped 40%, 30%, or 20%, and where the fat percentage is 
below 20% they must be specially marked as made from skim milk. 
For whole milk cheese the lettering is blue, and for all others blacff. 
The constancy of the fat content in whole milk cheeses is remarkable, 
the actual figures being in most cases between 47 and 51% of fat 
on the diy product., In 1921 only 0-7 % of all the samples examined 
fell below 45% of fat. A table of figures is given^in which the fat 
content,of the original milk varied from 2-55% to 44)1%, the 
resulting cheeses varying only from 47’9% to 53-3% of fat. The 
fat content of ^eese is, df course, governed primarily by Uie ratio 

“ Z. offentl. Ohm., 192% 88. 197 ; J., 1923, 2eA. 

" Z. Unlera, Nahr. Qmuesm,, 1923, 46, 6 ; J., 1923, 621a. 
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of fat to casein in the original milk, and this is less subject to 
variation than is the actual fat content of milk. In the United 
States whole nulk cheese is required to contain 60% of fat on the 
dry solids, but accCtding to Swaving it is impossible for so high a 
standard to be attained in Holland, although in the greater number 
of cases the actual fighre is approximately 50%. 

F. H. van der Laan^* recommends a modified mqthod of deter¬ 
mining butter fat in admixture with fats not containing volatile 
fatty acids. The procedure does not vary in essential details from 
that usually followed in this country, and moreover the degree of 
accuracy obtainable does not ap])ear to be greater than can be 
reached by existing methods.- 

Feiht Juices. 

F. Auerbach and D. Kruger ““ have published the results of an 
exhaustive investigation on the determination of malic acid in 
fruit juices. The determination of the naturally occurring organic 
acids, malic, citric, lactic, oxalic, succinic, tartaric, etc., in presence 
of each other is always a matter of some difficulty, and the results 
obtained by existing processes leave much to be desired in point of 
Accuracy. For the most part they depend on fractional precipita¬ 
tion of the calcium, barium, or lead salts of the acids by alcohol of 
varying strengths. The precipitates obtained are fmther examined 
by ashing them and determining the alkahnity of the ash, by deter¬ 
mination of the barium content, or, in the case of the lead salts, by 
decomposing them with hydrogen sulphide and titrating the free 
atids. Other methods depend upon the varying resistance to 
oxidation by permanganate exhibited by the acids. The separation 
of the acids from each other by these methods is never quite 
(Complete, and many contradictory statements appear in the htera- 
ture as to their rq'ative distribution in various fruits. The 
question is of some importance in connexion with the analysis of 
jams and fruit products, since the relative distribution of malic 
and citric acids n?a^ often give valuable information as to the 
probable constituents of a mixed product. 

It has been known for some time that the optical rotation of 
malic and tartaric acids is enormously increased by the addition of 
uranium and molybdenum salts, but endeavours to base an ana¬ 
lytical method upon this characteristic property have not been 
successful, owing to the fatft that the specifip rotations'observed 
vary according Jx) the concentrations df the acids, the amount of 
molybdefiura or uranium in excess, and the reaction of the liquid. 
By the employment of a large excess of molybdenum or uranium 
salts aad by adjusting the hytfcogen ion coAceiitration of the 

“Sec. Trail. Chim., 1922, 41, 724 j J.. 1923, 287x. 

“ Z. Viiiere: Nahr. Gmaum.. 1923.46. 97. l‘77 ! 1924. B, 32. 111. 
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solution by means of “ buffer ” mixtuies, Auerbach and Krflger 
find that they cay deternjinc malic acid, in concentration up to 
1-5%, in the presence of other acids, with a high degree'of accuracy. 

Tile fruit jiyoe k treated witS alcohol to* precipitate peotic 
substances, having first been slightly acidified to prevent precipita¬ 
tion of calcium malatc 1^ the alcohol. In*an aliquot part of tte 
filtrate the vajio acid is precipitated,* together with other organic 
acids, as barium salt, by the addition of the correct amount of 
barium carbonate. The mixed barium precipitate is filtered off • 
and shaken with water, ivith the addition of solid barium citrate 
and barium tartrate, until the whole of the barium malato has 
passed into solution, and die liquid is at the same time saturated 
with barium citrate and tartrate. The saturation of the solution 
with these two salto insures that their effect on the rotation, after 
addition of uranium r,.- molybdenum, is alw'ays the same, the only 
variable being barium malate. 

The solution is then divided into three parts. One part is 
examined direct in the polarimeter, a second part is examined after 
shaking for four hours with disodium citrate as a “ butfer ” salt 
and solid uranium acetate, with subsequent filtration, and a third 
part after addition of a definite amount of acetic acid and ammo-* 
nium molybdate. In the case of the uranium compound of lactic 
acid the solution is loovorotatory, while, the molybdenum com¬ 
pound is dextrorotatory. The amount of malic acid present is 
obtained from tables, after applying the necessary corrections tor 
the volume of precipitates, etc. A great advantage is that two 
separate and independent polarimetrio readings arc obtained, and 
^Ihc accuracy of the work can be checked by the agi'crtne *t between 
the amounts of mafic acid found in both cases. 

The method is somewhat complicated, but it has evidently been 
very thoroughly worked out (the account of the work occupies * 
100 pages) and would appear to give acturatc results. The 
authors find that apple juice contains about 0-0% of malic acid, 
which represents from 62 to 8.5% of the total argailic acids present. 
Pearojuice contains 0-,3% of mafic acid, or 60%*of the total acids 
present. Cherry juipc contain* very nearly as much nmlio acid as 
apples. Gooseberry juice contains 0-09% of mafic acid, wSich i» 
only 3 to 4% of the total acid content. Red currants, raspberries, 
elderberries, bilberries, and tomatoes contain from 0-05% to traces 
of mafic %eid, representing not more jhan 2 to 4% of the total 
acids present. • 

These results may be compared with those obffiiined by C. F. 
Muttelet,*® who finds that currant, raspberry, and krawberry 
juices contain citrjp acidjmt no malic acid. He employed the 
method of fraciSonal precipitation of the barium salts from* dilute 

“ Ann. Falaif., m2, 16,*453 i J., 1923, 197a. 


21 



493 KEPOBTS oi THB FROaBBag OP if PUBS OHBKJOISr. 

alcoholic solution. H. Frsnzen 'and F. Helwert® find that apple 
jnice contains chiefly malic acid, toge,ther '^<;h cifjric acid and 
small,amounts of succinic and lactic acids, and traces of oxalic 
acid and unsaturatod acids. They separated the^.acids by frac¬ 
tionating their ethyl esters, converting those into hydrazides and 
condensing with benzaldehydo. ^ 

According to J. M. Weis3, C. R. Downs, and H. P. Corson** 
synthetic malic acid is now being produced on a large sotile, and it 
is stated to have a flavour superior to that of citric acid. It is 
claimed that it may safely be used in place of citric and tartaric 
acids in food products such as jellies, confectionery, etc., and in 
beverages. 

Preservatives and Colodrinq Matters. 

On the vexed question of the use of preservatives and colouring 
matters in foodstuffs there is little to record, pending the findings 
of the Departmental Committee which is at present investigating 
the whole subject. Reference may be made, however, to a useful 
summary by F. W. Richardson** of the chief colouring matters 
used for foodstuffs in the country. Richardson states that Naphthol 
(Yellow S and Tartrazine arc the chief yellow food colours now 
used. Naphthol Ydlow, or Martius Yellow, is stated to be 
poisonous, but the introduction of the sulphonie acid group,forraing 
Naphthol Yellow S, appears to neutralise the toxicity. 

Investigators at the U.S. Bureau of Standards have compiled 
quantitative data on the absorption spectra of the dyestuffs per¬ 
mitted for use in foods.™ Where, as in the United States, the 
number of psrmitted dyestuffs is small, the spectroscope affordp a 
most useful means of controlling their presence in foodstuffs. Iff 
this country, however, the number of dyes used is much greater, 
and the absorption spectra of many of the mixtures found in com¬ 
merce are not suffloiently distinctive, as compared with those of 
the natural colouring matters, for definite conclusions to be 
drawn by meano of .the spectroscope, although it is often useful as 
a confirmatory test. 

P. Buttfehberg” draws attention ,to the substitution in Germany 
i,of artificially colomed smoked cod for smoked'salmon. Apparently 
salmon is imported in the salted condition from America, and 
smoked in Germany after soaking out the excess of salt; but fish 
of the cod family, appropriately coloured pink with coal-tar dy«s, 
is frequently sold in pl^*e of saliMDn. Tke method* of diatin- 
guishing between the two depends on the difference in behaviour 

* » Z. physiol. Chem., 1923,187, U ; J., 1923, 674a. 

'•/wi. Eng. Chem., 1923,16, 628 : J., 19?3,1194f. 

••V. ^oc. Dyers and Coty 1923, 88,148. 

VS. Bureau Standards, 8ci. Paper 440, 1922, 121 ; j,, 1923, 9a. 

192^ 47, 6 j J., 1923 167 a, • 
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between the colouring matters wBen treated with various siolvents, 
and is analogous Jo the usual methods employed for the detection 
of artificial colours in other foodstuffs. Probably & mor^ satis¬ 
factory differejitiation could be obtained by a comparison of the 
scales, if these are present, as shown by R. B. Eaaery.®^ It would 
be of interest to ascerboin how far the method of protein racemisa- 
tion, as carv'wi out by*H. E. Woodilian,“ would be applicable to 
the problem of establishing the identity or otherwdso of products 
of this nature. 

A. R. Tankard®* has published some interesting statistics on the 
occurrence of presrrvafivcis in foods over a period of ten years. 
In 7000 samples cxamii.ed, 9% contained preservatives, and a 
noteworthy feature is the extraordinary variation in the amount 
of preservative co,isidered necessary by different manufacturers 
for the same article In the case of potted meats and fish pre¬ 
served with boric acid the ratio of the maximum to the minimum 
percentage of preservative found is 6,3 :1, and in fruit juices con¬ 
taining salicylic acid as much as 84 :1. 

The determination of bene acid in foodstuffs has recently been 
the subject of discussion. Giving to the divergent results frequently 
obtained in the application of Thomson’s well-known method. 
In this method advantage is taken of the fact that while tricalcium ^ 
phosphate is insoluble in an alkaline solution, calcium borate is 
fairly soluble, provided that the degree of alkalinity is not tow 
great. Unless Thomson’s directions are closely followed, and the 
addition of alkaU is carried out with the greatest care, low results 
are obtained, owing to the solution becoming, even locally, too 
strongly alkaline, with the result that some calchin ^ borate is 
precipitated together with the phosphate. In the Goverjjjjent 
Laboratory method®® the precipitation of phosphoric acid as 
tricalcium phosphate is effected by adding NjlO sodium hydroxide* 
solution drop by drop, with constant shakffig, until a faint but 
permanent pink colour appears, after wBich the liquid is made up 
to volume and filtered, prior to titration in jureseftce of glycerol or 
mannitol. An alternative method®* is designed^o avoid altogether 
the risks inherent iq precipitation by Ume. The greatef part of the 
calcium present is removed in the form of calcium sulphate and 
the phosphate precipitated by magnesia mixture. After removal 
of ammonia from the filtrate by boiling with sodium hydroxide, the 
liquid is neutralised and the titration qarried out in the presence of 
glycerol in the usual maunpl'. There is np doubt t®’at Thomson’s 
method, unless carried out with care, may give results Rowing a 

» Analyal, 1922, 47, 163; J., 1922, 38 

« Biochem. J., Ig21,16,187. 

Amlyst'lKS, tt, 640. 

« Ibid., 1923, 48 , 416; J., 1923,1241-. 

>•0. W. Monies-Wmiaiis, ibid., 1923, 48 , 413 j J., 1923, 1242x. 
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loss of anything up to 50% of t5ie boric acid originally present, a 
fact which deserves far wider recognition thAn jit appears, so far, 
to have received. 

» ' 

Metals in FoonsTurifs, and Food-PoisSnino. 

!fC. H. Jarvinen^’ gives the amounts of metal dissolved from 
different kinds of cooking vessels by a 4)% sugar solution con¬ 
taining 1-5% of citric acid and by a 5% solution of sdllium'chloride, 

■ on boiling for 3 hours. Aluminium ves.sels dissolved in the citric 
acid solution to the extent of 120 m^. per kg. of solution, but in the 
salt solution only 9 mg. was dissolved. Brass was found to give 
the best results of any of the metals examined. The coating of an 
enamelled vessel dissolved m the citric acid solution to the extent 
of as much as 6 g. per kg. of solution. This is in accord with the 
writer’s experience, an enamelled cooking vessel having given up 
5-5 g. to one litre of a 1-5% citric acid solution on heating to just 
below boilhig point for 5 hours, although the greater number of 
enamelled vessels do not give up more than (1-3—0-7 g. per htre 
under these conditions. Jarvinen gives details of a modified 
“ wet ashing ” method with nitric and sulphmic acids by which 
he claims that it is possible to determine in foodstuffs small amounts 
of all heavy metals, with the exception of mercury 
W.G. Savage®* has published a valuable book on canned foods, 
in which the bacteriology of the subject is treated exh.austivoly. 
Savage is of opinion that the presence of tin in canned foods is of 
little significance from the health standpoint, provided it be not 
excessive, and points out that no cases of poisoning by canned 
foods have evtr been shown to bo due to tin. This la.st statement 
is n,q,doubt correct, but at the same time it must bo borne in mind' 
that injury to health does not necessarily begin only with definite 
'symptoms of poisoning, and in the present state of our knowledge 
the only safe course iS to insist that the tin content of foodstuffs be 
kept down to the lowest {lossible Umit. This could in many cases 
be secured by the .more extensive adoption of lacquered tins. 
W. M. Willoughbj*“ is of opinion that it is the presence of sqlt in 
canned foocis wUch promotes solttfion of tin, rather than the 
action of organic acids. 

E. F. Kohman" has found that with canned fruit any oxygen 
left in the tin disappears wdthin a few days when plain tins are 
used, but that in enamelled, tins it disappears much more slowly. 
This observation is in accord with flje suggestion made in last 

« 

•' Z. Vahf. Gmusam., 1923, 46, 190 ; J., 1923, 904a. , 

Z. Ibid., 1923, 45, 183 ; J., 1923, 903a. 

’• “ Canned Foods in Kelation Hoaltli," by W. Q. Savage. Cam¬ 
bridge University Press. 1923. ' 
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year’s Annual Report (p. 447) tHat thg solution of tin by canned 
foods is not due to tie direct action of acids on the tin with libera¬ 
tion of hydrogen, but is dependent upon the proseneo of oxygen, 
the tin dissolving without the production of g^. * 

0. Jones® fins given a useful summary of the routine factory 
methods employed in examination of "preserved meats etc? 

An unusi case of poisoning due* to metallic contamination is 
reported as having occ jrred at a large Institution near London.® 
Over 200 persons developed t-.-pical symptoms of zinc poisoning,* 
which was traced to the consumption of stewed apples prepared 
in galvanised iron vessel-'. The stowed fruit on examination was 
found to contain 7 grains of zinc oxide per pound, and each person 
probably consumed an equivalent of about 18 to 20 grains o4 zinc 
sulphate, the emetic dose of this salt being from 10 to 30 grains. 

Perhaps there h no subject in the anal tioal chemistry of 
foodstuffs which has received more detailed investigation than the 
problem of determining minute traces of arsenic. Although the 
subject was fully ventilated at the, time of the Royal Commission 
on Arsenical Poisoning, in 11X)3, arsenic still crops up in the most 
unexpected places, in amounts which must be considered excessive, 
and its presence can nearly always be traced to the employment ol 
coal or sulphuric acid at some stage in the manufacture or prepara¬ 
tion of the foodstuff. In the case of certain samples of cocoa, the 
presence of arsenic was traced to the use of potassium carbonate 
of mineral orgin, and it is occasionally found in natural foodstuffs 
and extracts which have never, as far as can be ascertained, been 
exposed to obvious sources of contamination. A discussion on the 
dbtermination of arsenic was held in the early part*of jie year by 
the Society of PubUc Analysts in conjunction with the Nottingham 
Section of the Society of Chemical Industry. Several interesting 
points were brought out in a paper by J. 51. Wilkie,*^ and the sub¬ 
sequent discussion served a useful purpose injecting the attention 
of manufactusers and chemists to the need for constant vigilance in 
the matter of arsenical contamination. An"incifasing number of 
chemists are finding that the electrolytic method, usmg lead elec¬ 
trodes, possesses many advarftages over the zinc and acid ijiethod, 
in that, while fully as sensitive, it is easier to control, and is le*s 
dependent on the jiersonal equation. 

From time to time one sees reported in the German scientific 
Press cases of solajine poisoning due to potatoes. One of the 
earliest recorded cases of this form of poisoning appears to have 

taken pljcc in 1843, and since then several mstances haive occurred 

• 
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in SVanoe and Germany, mninly 'among troops. No oases have, to 
the witer’s knowledge, been recorded elsewhpre Jihan* on the 
Conthvent, ahd so far no explanation based on peculiarities of 
climate, soil, or methods of dultivation and stopge has been 
advanced to account for the occasional occurrence of a high solanine 
content. It is not the‘so-caEed “ industrml ” potato which is at 
fault, but the edible varieties. Normally these contain from 
2 to 7 mg. of solanine, or even less, jwr 100 g., but occasionally the 
• solanine content may rise as high as 40, 50, or even 80 mg. At one 
time it was thought that only small immature potatoes, and also 
old ones which had become green from exposure to light, were 
liable to cause solanine poisoiung, but C. Griebel^® records two 
cases' arising fiom the consumption of potatoes in early December, 
shortly after the crop had been harvested. In every case the skin 
contained a higher proportion of solanine than the rest of the tuber, 
and the potatoes in question were characterised by a markedly 
bitter taste after being cooked. A. Bomer and H. Mattis*’ also 
record similar cases where potatoes harvested at the end of October 
possessed a strongly bitter taste and high solanine content. These 
authors give analyses of six separate consignments from different 
parts of Germany during the winter of 1922-23, in which the 
solanine content ranged from 25-3 up to 58-8 mg. per 100 g., all 
of which were too bitter for consumption. Samples of these 
l»tatocs have been planted on an experimental plot, together with 
different varieties showing a normal composition, with a view of 
ascertaining whether soil, climate, or methods of manuring influence 
the solanine content. 

MiSCELLANEOtrS. 

Jr^Tillmans and A. Gtiettler*® have examined various baking 
.powders from the standpoint of their practical value in bread¬ 
making. This depen^ls upon the temperature at which carbon 
dioxide is evolved and thn speed of evolution, and different mix¬ 
tures are found tj vary greatly in this respect. The baking powders 
were examined by introducing 0-06 g. of the mixture, made up in 
equivalent proportions, into a carbon dioxide apparatus *con- 
taining>20 c.c. of saturated sodium chloride solution, and measuring 
fie amount of gas evolved in different times and at different 
temperatures. Mixtures of sodium bicarbonate with cream of 
tartar, tartaric acid, potassium bkulphate, or aluminium sulphate, 
gave off the whole of their* carbon dioxide aj; ordinary‘tempera¬ 
tures, the propoftion evolved in 5 minfltes being from,^ to 93%, 
and the femainder in 15 to 25 minutes. For baking purposes the 
first pamed is the best, as approximately 75% of the gtte is evohrM 

“ a CJnfer*. Ndhr. Omuasm., 192^ 45, 175 ; J., 19*23,ImSa. 

•’ im., 1923, 46, 288 j J., 1923, 995a. 

“ IMd., 1923, 46.103 ; J., 1923, 674a. 
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in the first 5 minutes, and ’ the swhole of the remainMr 
during the sjbaefjaeftt 20, minutes. Mixtures of sodium bicar¬ 
bonate with tartaric acid, potassium bisulphato, oi* alunmum 
sulphate evolv^ gas too quickly, aitt favour tha formation of large 
cavities in the bread. Bakii^ powders composed of sodium or 
ammopium bicarbonatoj alone or of sodium bicarbonate with 
primary or I 'jondary calcium phosphate or .ammonium chloride, 
do not givooff oarbondioxi le untd comparatively high temperatures 
are reached. The most satistnotory of these is the mixture of 
sodium bicarbonate with piiidary calcium phosphate, which at 
60°C. gives off two-thirds of its carbon dioxide in 25 minutes, although 
the remaining tliird is evolved only slowly oven at higher tempera¬ 
tures, and the reaction is never complete. The use of a powder 
which is too .slow in action is liable to cause cavities in the loaf, 
somewhat similar to those formed with a rapidly acting powder. 
Photographs are given in the paper of typical loaves prepared with 
diBerent baking powders. 

D. W. Stewart** has shown that the cholesterol acetate test is 
not to bo relied on to demonstrate the presence of animal fats in 
mixtures containing vegetable oils. He separated the sterols from 
a number of oils by precipitation with digitonin in alcoholic solu; 
tion, and prepared the crystalline acetates by means of acetic 
anhydride. Cholesterol acetate from animal fats melted invariably 
at 114°-114-5° C., except in the case of hardened whale oU, when 
it melted at a lower temperature. The sterol acetates obtained 
from vegetable oils showed meltmg points varying from 125° to 
133° C., but with cottonseed oil, repeated recrystallisation brought 
,the melting point down to 114° C. A mixture of %5y, ot animal 
fat and 26% of vegetable oil gave a sterol acetate mixtilbe melting, 
after recrystallisation, at 123° 0. It is clear from the abo^^hat 
results obtained in the application of the cholesterol acetate test 
must be interpreted with caution. • 

Eeference was made in last year’s Export to the manufacture 
of ice for preserving purposes from water qpntaining chlorine m 
hypeehloritcs. This idea is apparently bein^ developed, and a 
patent has now bejn taken out for charging water with hydrogen 
peroxide before freezing it.“ A solution of hydrogen perSxide jf 
thus formed continuously as the ice melts. 

Considerable progress has been made in recent years in the pro¬ 
duction of dextrose by acid hydrolysis of eellulosic materials. Il 
was shown by R. Willstatfcr and L. Z^hmeister in 1913“ thwl 
oeEulose could be hydrolysed completely by treatment aj ordinary 
temperatures with concentrated hydrochloric acid,* and soS( 

« Analyse, *823,' 48, 165* J., 19i3, 462 a. 

«S.P. 201, 772 i J., 1923, 996a. 
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dextrose is now being prc^uced in Germany on a technical scale 
by a similar method, the hydrochloric acid bsin^ subsequently re¬ 
covered by distillation. The sugar thus obtained is contaminated 
by bitter substances which mate it unfit for use except as cattle , 
food. In a recent patent^^ it is claimed that this may be obviated 
bj treating the cellulosic material before hydrolysis with certain 
organic solvents whjch dissolve fats ani resins. Several' other 
patents®® have appeared dealing with the productibn of dextrose 
. from wood or similar material, and there is tittle doubt that the 
manufacture will soon be placed oil a commercial basis. 

“G.P. 3(12,229 ; J., 1923, IDSa. 

“ G.P. 359,8(i«, 302,232, 302,233 ; 1923, i57A. G.P. 362,230 ; J., 
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SANITA'WON AND WATEK I'UlilFIOATION. 

By ■). Johnston, M.Si?., F.I.C., 

Deparintnt df Public Health, Pt. Barthohm^’s Hospital, London. 

In last year’s Report Ur. Ujil-ert foresaw the jwssibility of a* 
central department arising in the future to take over the scientific 
investigation of puhli’ health problems. The fulfilment of this 
forecast appears likely to come about sooner than might have 
been anticipated. A very large sum of money has been givbn to 
this country by the Rockefeller Trustees for the foundation of a 
School of Hygiene. A committee of sedeetion has appointed Dr. 
Andrew Balfour as Director of the School. What the School will 
be is not yet known, but it apjiears that it will certainly undertake 
instruction in public health subjects. Research can hardly be 
separated from such practical subjects, and their embracing 
character almost necessitates team work on an extensive scale. 
The gift by the Rockefeller Trustees easily constitutes the most 
important development in general hygiene in this country during 
the year. The prospects before the new foundation as an aid to 
scientific progress are great, and its establishment will be lookSd 
forward to with interest. 

SjiWAlJB. 

Theory of Purification. 

A paper on the theory of sewage purification, entitlec^^ThS 
physical aspect of sewage disposal,” has been contributed by 
F. R. O’Shaughnessy.* He states that of the general charac* 
teristics commonly found in sewages the* most universal and 
important arp the physical properties of the principal constituente 
—^the water and the chief polluting snbstantes. ‘No matter what 
treatment the sewage may be subjected to,* the Ments which 
efiect the changesi which result m the ultimate destruction of 
these polluting suhstances are chiefly biological agents, althou|^ 
the appropriate handling of these agents depends on the incidence 
of physical laws. The principal solids present are of fsecal origin, 
and because of their physical properties complete separation of 
solids in general cafinot ba effected until the colloidal character of 
the fsecal solids has been destroyed. Of the Vtivated sludge 
process lie remarks that the action is biological, the active agents 
being living, tjjings, and* that J.he sludge is non-colloidal.* beina 
mostly living material. 

‘7., 1923, 359» 
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In the disonssion on the>Tpaper E. Ardem’.said that the author 
rightly asked for more clarity of thought jn corfeidering the problem 
of sew,age pdrifioation, and therefore it was a little disappointing 
to find that he lacised precision when dealing with, the proposals 
he apparently advocated. It is equally to be regretted that a 
greater clarity of thought was not manifested in regard to the 
principles of the purification'’ process. Otherwise it is not con¬ 
ceivable that the ultimate destruction of the polluting substances 
'Should be associated with every form of sewage treatment, since 
it occurs in none, as is evidenced by the large amounts of sludge 
always remaining; nor that it should be affirmed that the complete 
separation of the solids from the liquid could not be effected until 
the colloidal character oi the faecal solids had been destroyed, 
seeing that this character is not destroyed but merely changed, the 
solids still remaining colloidal; nor, finally, that it should be 
asserted that the sludge is non-oolloidal, being mostly living 
material, for it consists almost entirely of coagula comprising 
the colloidal solids of the sewage and also living cells, which are 
essentially colloidal.* 

It is many years since A. S. Jones and W.O. Travis di’ew attention 
to the presence and importance of colloids in sewage. They brought 
forward* a series of experiments which demonstrated that the 
removal of the colloids and other solids from the sewage con¬ 
stituted the initial purification affect and was the result of physical 
desolution operations, occurring under sterile as under natural 
conditions. They adduced a sequence of observations and ana¬ 
lytical data in regard to the practical working of contact beds 
which proved'that matters in solution or pseudo-solution which 
Verejiot calculable as sludge and which could not bo deposited by 
ordinary tank operations yet appeared as solid matter when 
‘brought into intimate contact with surfaces. Physical factors 
exerted a preponderaVing influence when compared with bacterial 
factors, as was seen by the rate of deposition being so much in 
excess of bacterial r>»olution, the latter not being an immediate 
operation, but on'the contrary an operation completely effected 
only afer fhe lapse of time. They concluded that sewage was, 
under all circumstances and at all times, completely clarified by 
the dissociation from the liquid of its organic and some of its, 
inorganic constituents in a particulate condition, and not, as had 
been assumed, by the resolution and oxidation of such matters. 

,, These views were the.subject of the .most strenuous criticism at 
the time, but they have received subsequently extensive support 
in the work of other investigators, amongst which may'be men- 
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tioned .that of F. R. O’Shaughnessy* and H. W. Kmnersley,* 
J. H. JAnstgn,® Fpwler,’ 8. E. Melling,® E. Ardem and 
W. T. Lockett,’ F. Dienert,“ R. Cambier,” H. P. Eddy.H and 
A.M. BusweU^dH.L. Long,”ani they are n«w becoming genet-' 
ally accepted. 

These principles are .applicable also to* the activated sludge 
prcoess, jn t^pnexion with which some of the above work was 
done. A clear demonsa’ation of this has been given by W. 0. 
Travis,” who shows that acti,' i^ed sludge differs from the soil 
and filter bed surfaces merely in the absence of a skeleton frame¬ 
work,” and that, Lke I' th soil” and filtering surfaces, activated 
sludge is essentially a colloid, and activated sludge absorption 
simply a manifestation of its colloidal properties. The ooagtllum 
which constitutes the beginning and the end of the pi-ocess is a gel. 
Each individual gel aggregate has been deposited, cither in its 
original or in its coagulated state, from previous volumes of sewage, 
and when brought intimately into contact with incoming volumes 
of sewage assists in coagulating the colloidal solution, in absorbing 
the soluble and other impurities, and in attracting the organisms 
contained therein; the degree and rapidity of such physical actions 
being strictly proportional to the amount of the gel and the con's 
dition of its absorbing surface. The activated sludge process, 
equally with all treatment processes, is primarily and essentially a 
physical disruption effect, the sewage compound Vroing split uf 
into a ooagulum of form-elements with absorbed products and a 
clear liquid. 

This exposition has received valuable confirmation in the 
•rAnarks of J. A. Reddie” in the discussion on O^huighncssy’s 
paper, already quoted. He states that whether the method 4»«use 
is the older one of filtration or the more recent one of activated 
sludge, the primary action —the separation of J>he colloidal impurity 
from the liquid- is a physical one. Experiments at the Bradford 
sewage works, with colloidal solutions had shown that the whole 

of the colloid was removed on passing thd jofution through a 

• 

‘J., 1908,719. . . 

* J. Boy. Son. Ink,, 1906, 27, 648; Pm. Itli hit. Cong. App' Chari). 
London, 1909, 8A, 171. ' ■ * 

’ J., 1911, 1343; J. Inst. San. Eng., 20,29. 

> J., 1914,1124. 

•J., 1815, 937. 

“ Compuo rend., 1947,106,1116. 

’^Ibid., 1920,170, 681, 14lV 

” J. Yeatem Soc. Eng., 26, 269. 

” lUinoiaState Water Simieg, BuU. 18, 1923, 82. 

” Cordractors' Bepord, 192P, 417, 027. 

16 E. J. EubsAi, 2nd Beport CoUofd Chem., 1909, 70. 

J. M. van BemmeUn, Landa. Vernushi-Stat., 1888, 35, 67.' 

1923, 388* 
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sterile filter of fine grade Biaterla.1. More recent experiments sub¬ 
stituting activated sludge for the fine ^ade Miaterial showed that 
an activated sludge when stirred up in one of the colloid solutions 
removed the wholq, of the collcid from the liquid, even when the 
sludge was previously sterilised by boiling. There'appeared to be 
ah adsorption of the cslloidal matter present by the filter material 
and by the sludge pjirticlcs.' ' 

Observations have been made on the nitrogen cylle hi the acti- 
, vated sludge process by A.M.Buswell and S.L. Ncave.*® They 
succeeded in making out a nitrogen balance table for two months’ 
working in winter and for eight months’ working from May. During 
the first period there was a net loss of 0'43%, and during the second 
period a net gain of ]-8%. They consider that these results are 
within the limits t>f experimental error, having regard to the 
difficulties of average sampling, and afford no foundation for the 
view that there is a fixation of atmospheric nitrogen during the 
process.*® There is, however, a change in the form of the nitrogen 
during the process, the nitrogen in ammonia, nitrites, and nitrates 
being converted into protein nitrogen to form the bodies of the 
organisms present in the sludge. 

From a study of the microbiology of activated sludge, A. M. Buswell 
and H. L. Long®® take the view that purification is acoomphshed by 
ingestion by protozoa and by assimilation by bacteria of the 
(jrganic matter in the sewage and its re-synthe.sis into the living 
material of the sludge flocks. In this process the organic matter 
is changed from colloidal and dissolved states of dispersion to a 
state in which it settles out. 

, ‘ Practical Studies. 

'fiib disposal of sewage is an ever-growing problem. Although 
the Birmingham, Tame and Res District Drainage Board already has 
an area of 52 acres of percolating filters, it is necessary to add an 
acre of filter bed ])or aanura to keep pace with the increasing 
volume of sewage. Recently large-scale experiments were com- 
■pleted on the aetvated sludge process, comparing aeration by 
blowing with aeration by agitation.®* It was found that the 
sewage was amenalcle to either the air blowibg or the agitation 
'method of treatment, and that a tank liquid forms a better subject 
for purification than crude sewage, since 60®/„ of its impurity can 
be removed by an hour’s efficient flocculation. It was found also 
that the flocculated tank hquid could be treated at dlouble the 
usual rate on aipercolating filter. 

Upon fliese lindiiigs it has been decided to construct an installa- 

State Water Survey, BttU. 18, 1923, 68. 

Gi J. Fowler, J. Indian Inst. Sc^., 3, 26o. 

JUinHs State Water Survey, BuU. 18, 1923, 82. 

^ J. D. Watson, Con^raetora* Record, 1923, 24, 1939,^968. 
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tion embracing adaptations of th^usuaj activated sludge praoticw. 
It appews better ,to»leavo^ any description of these proposals until 
they have been completed and results of their working are available. 
O’Shaughnessy desires “ that this process sh<)uld be called the 
“ flocculated sfudge ” process, which, he says, strictly means “ the 
convenient application of the principles Mnvolved at discrotfbn 
and aceord'-gj to practical requirements,” notwithstanding that 
flocculatfon isr inherent in all purification processes. If a change 
of name for the activated sludg<' rirocess is desirable, that suggested 
by Travis^’—^the aerogel proodsa—would appear to bo the most 
suitable, as it embodie,- the two distinguishing features of the 
process, the gel—the form in which the deposited colloids exist in 
activated sludge— and the air, the association of which with the gel 
is necessary for th,. maintenance of its activity. 

Exjreriments on the activated sludge process have been con¬ 
ducted by the Illinois State Water Survey for some years. Since 
the war a new series has been started, and the results have been 
published by Buswcll and his colleagues,®’ A Dorr-Peck tank 
was used, the prin(!ipal features of which are that during aeration 
the sewage and sludge circulate in a path leading up from the 
aeration chamber and returning down a centrally situated cylin, 
drical well, and that the sludge returns automatically from the 
sedimentation chamber to the aeration chamber. The ah used 
was reduced to the point at which no nitrification took place* 
This corresponded to 1 cubic foot of air per gallon, which gave a 
clear and reasonably stable effluent. They deduce from this 
result that nitrification is not essential to the purification nrocess. 
,T4ie sludge obtained amounted to half a ton per mihi ;n gallons. 
Its average moisture w'as 99-74-%, and the content of nitrogei^jjJien 
dried was 5-63%. 

Much attention was paid to the difficult moblem of drying the 
sludge. The best results were obtained by ffie aoid-hcat-flotation 
process, in wfijeh the activated 8lu(^e an^ dilute sulphuric acid are 
admitted to the bottom of a tall cylindrical •hanfber heated by a 
steam coil to about 50°. Sufficient acid is aSded to make the 
reaction of the mijature pn 4-6 to pn 5- Pine* bubbles of parbon 
dioxide arc evolved from the acidified sludge and carry the aggloi* 
raerated particles to the top of the liquid, where they float as a 
cake. The moisture in the sludge w'as reduced from 99% to 93%. 
The floated sludge drained readily in three days to 85% of moisture, 
and no odour was defelopeds Other methods of drying were tried, 
involving the use of a belt conveyor, a continuous filter, a oantrifuge, 
and a filler* press, but none was satisfactory. 

“J., 1923, 

“ OmtTadon’ Record, 1920, 417. 
lUmoie State Weder Swvm, BvM. 18,1923. 
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Aa extended investigaticjn wat made also on the biology of the 
activated sludge process. As the sludge developed there appeared 
to be a definite succession of forms appearing. At fiist there was 
a pr^ominance o^ minute cihates and flagellates, organisms 
ohMacteristic of sewage. In a few days these diminished until 
they became negligibleuin number, and peritrichs, holotrichs, and 
heterotrichs increased. The .peritrichs (es'pecially vorticella) were 
the predominating organisms, numbering up to 17,000' per c.c. 
Nematode worms appeared some days after starting and increased 
to 4000 per c.c., but diminished again. The number of zoological 
masses at the start was about 100,000 per c.c., and increased 
after a week to a million, and after two weeks to 2 million, which 
nunuber remained fairly constant. The zoogloea contained fila¬ 
mentous bacteria, beggiatoa numbering about 5000 per c.c. The 
conclusion come to is that the sludge particles are not amorphous 
organic matter, but are composed of a synthetic gelatinous 
matrix in which filamentous and unicellular bacteria are imbedded, 
and on which various protozoa crawl and feed. 

At the New Jersey Experiment Station observations have been 
made*® on the biology of percolating filters. The slimy film on 
the surface contains algse and in the interior fungi. The film 
contains protozoa, in number up to 300,000 per c.c., and nematode 
worms up to 100,000 per c.c. A sloughing of the film was observed 
fo take place in spring and autumn. 

The name of the Corporation of Glasgow must bo added to the 
list of those Local Authorities in this coimtry who have investigated 
the activated sludge process. In a report by the Corporation 
Chemist** an .account is given of a large-scale experimental plapt 
treating 200,000 gallons a day on the continuous flow system. 
In"C!uis installation, following the example of Sheffield, it was 
■ decided to use mechanical agitation instead of compressed air as 
the method of aeration. The tank, of 80,000 gals, capacity, was 
divided so as to make a continuous ehannel 640 ft. long and 5 ft. 
deep. Aeration, was effected by four paddle wheeW revolving on 
a shaft across the oentre of the tank. The rate of surface ciijcula- 
tion in the-tank was 1-25 ft. per sec. The plant was worked 
for nearly two years. Although fluctuations in the strength of 
(the sewage and variations in the character and proportion of trade 
waste present were frequent, the effluent was always well purified 
and stable. The analysis of the effluent during the last_.month of 
working showed free ammonia 0-03 grain per gal., albuminoid 0-0®, 
oxidised nitroge® 0-87, chlorine 4-55, and oxygen absorbed in fotff 
hoprs 14)96. The absorption of dissolved oxygen varied from 

’• ®udoUe, JBnff. News Kec., IMS, 18, 19. 

” 7. W. Harris, Beport on the aetivated sludge process of stuxtgt purifiealion, 
1923 i 1923,946 a) 
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1-23 parts to 0'26 part per lOO^X)®, witjj an average over the whole 
period ef 0'56 j)a»t. Aeration by mechanical agitation was 
successful, triorefore, in a lank of the length and depQi given, but 
this was about the limit of its capability, for |ttempts to increase 
the volume of'sewago to a quarter of a million gallons daily soon 
caused the effluent to deteriorate. • •' 

The degr"" of aeratidh of the sewage in tljp agitation tank is of 
importance, ft was determined by aerating fresh sewage in the tank 
for 6 hours and determining tli“ dissolved oxygon every half-hour.. 
This gave the maximum aera'^ion under the conditions. It was 
found that the dis‘'olved oxygen began to increase at once after 
aeration started, and ros. qmcldy at first and then slowly until an 
amount of 5-6 c.c. per litre was obtained at the close of the aer#,tion 
period. This res Jt corresponded to 76% of saturation. The 
half-hourly sampling was continued daily, and the average 
results for the first month, when the volume of sludge 
present was 18-5%, showed no increase in dissolved oxygen for the 
first half-hour, followed by a rise, slower than in the fresh sewage, 
to an amount ot 3-9 c.e. per litre. For the next two months, when 
the volume of sludge was 34% and 36%, there was very little or no 
dissolved oxygen in the first hour and a half, and then a gradual 
rise to 3 c.c. and 2’5 c.c. per litre. These results show that the 
consumption of oxygen by the sludge during the early period of 
aeration was more than the sewage could take up during that timg, 
and that at the end of the period the aeration had not reached the 
maximum. 

The amount ot oxygen required by the activated sludge in an 
qpration tnnk is difficult to determine accurately, bqt Farris made 
* an attempt to do so. The dissolved oxygen was determined in a 
sample of the tank contents; a duplicate sample was agitStffl in 
a completely filled bottle for half an hour, and then the dissolve* 
oxygen determined. The difference between these two results 
gave the dissolved oxygen used by the» sludge present in half an 
hour. This 5ilf6renoc gave amounts varying between 21'7 and 
38'^ cub. ft., calculated on the whole content* of the tank. Hie 
corresponding figures per gallpn of sewage treajed were 0'0062 and 
0'0092 cub. ft. Tfie consumption in a continuous flow tank wc^ 
be greater than in a closed bottle, and allowing for this as far as- 
possible,the amount of oxygen required by the biokgioal procMs in' 
the aer^ion tank was considered to be 0-0083-0-0124 cub. ft. of 
oxygen per gallon sewa^ treated,’oorresi>onding to 0-04-0-069 
cub. ft. of air. * . 

The amqunt of oxygen required by sewage, as distmot from 
activated dudge, has begn investigated by 0 L.Peck,” who finds 
that where rW sewage is aerate its oxygen demand is satisfied 

” tSva- Nem-See., 1923,90, S22; J., 1923,471^ 
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an. extremely rapid rate for. half S,n hour or so, after which the rate 
is slow, and that during the early period the r^-tc i? not- affected 
by th% presehce of activated sludge. He considers that treatment 
should consist in sedimentation® to remove the suspended organic 
solids, aeration alone to oxidse the readily oxidLsablo matter and 
to'expel the gases of decomposition, and aeration in presence of 
activated sludge to oxidise cdUoidal substances. During aeration, 
the air must be supplied in sufficient amount to maintain aerobic 
'Conditions and to keep the sludge in suspension. The former is 
best effected by aeration from the bottom of the sewage, while for 
the latter mechanical agitation should be employed as it is cheaper. 

Activated sludge cannot be de-watered readily, and not by 
pressure alone, which has always been a drawback to the adoption 
of the process on a large scale. Recently the acidification of the 
sludge has given promise of some success. Peck finds that when 
concentrated sulphuric acid is added to the sludge without agitation, 
andthe mixture is heated to 30°. all the sludge rises to the surface and 
can be drawn off and drained. The amount of water in the floated 
sludge is 89%, compared with 99% in the original; after draining 
for a day it is 11% ; after two days 00% ; three days 59% ; and 
vhree weeks 20%. These experiments have been developed into 
the acid-heat-flotation process, previously referred to as employed 
by the Illinois State Water Survmy. 

Another acid process which has been applied also to ordinary 
sludge is the Maclachlan process,2* in which hot sulphur dioxide is 
blown into the, sludge until a hydrogen ion concentration coitcs- 
ponding to Pf, 3-8 is attained, when the solids coagulate. The 
sludge is then passed through a drum screen, where the sheet of' 
solifis‘Obtained contains 80% of moisture, and may be air-dried 
without nuisance, 

A new sewerage anfd sewage disposal scheme is in course of con¬ 
struction for the town of Prestatyn, on the North Wales coast. 
The sewage will‘be dealt with by storing it in largo tanks at the 
disposal site on ths eastern boundary of the district. From the 
gravitation &6wer and rising main the crude sewage discharges into 
it receiving chamber forming part of the storage tanks. The un¬ 
treated sewage will be discharged from these tanks one hour after 
the commencement of ebb tide, the outlet remaining open for 
discharge for four hours. The discharge pipe runs in the foreshore 
to low-water mark of ordinary iqiring tide.^® - This is the scheme 
for a wa^ring-piace and holiday resort with a population of 9000 
in the suihmer months. Even at the present day evsry new 
sewage scheme does not indicate progress in sanitation. 

Peck', he. eU. 

J. H. Blizard, Contractors' Record, 1923,24, 2063.' 
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It hag lonji bee»i dbnsidsred that there was a connerion between 
simple goitre or “ Derbyshire neck ” and water supply? The 
disease is endjmic in several disniots, and iff has been observed 
that 7% of the children may develop it. The cause is not knc^m 
with certainty. The d^ease has been attributed to the presence 
of a hacteiioju in the water, to excess of iifm and calcium salts, 
and to tke absence of iodides from the water. The enlargement of 
the thyroid gland in individu.il cases is attributed to a greater* 
physiological demand upon the functions of the gland than it can 
cope with normally • tp.. gland therefore enlarges in an endeavour 
to supply the deficiency. The characteristic constituent of the 
gland is iodine in the form of thyroxin. One method of medical 
treatment has been the administration of the dried gland or of 
iodides, which has in-en found beneficial. Bee. ntly“ public health 
authorities in the United States and Switzerland have adopted the 
view that the disease is caused by a deficiency of iodine in the 
local water supply, and that it would be desirable as a measure of 
preventive medicine to make good this deficiency. At Rochester, 
N.Y., these preventive measures were started in the spring by the 
addition of sodium iodide to the water reservoir supplying thff 
town. The quantity added was 10 lb. a day for two weeks. This 
amount was equivalent to a five-thousandth of a gram of iodine to 
a gallon of water, and was twenty times greater than the amouift 
naturally present. The treatment was to be repeated again in the 
autumn. The cost is estimated at 2000 dollars a year. It is con¬ 
sidered that this very small addition of iodine twice a yea- will be 
„B«fiicient to prevent the development of goitre in peisctfs drinking 
the water. If the treatment is successful, it may help to settle»the 
question of the cause of the disease. This is an unusual case of the, 
treatment of a water supply for the benefit ^f the few and not of 
the many. It will be interesting to obsgrve whether the drinking 
of the treated w^ter has any effect upon normal individuals in 
the town. 

Although in the States this open announcement of jjib chemical 
treatment of a watar supply appears to be received without demur, 
it is doubtful whethein^e same reception would be accorded to S 
similar proposal in this country. It is fortunate, therefore, that 
the necessity for the present chemical treatment of the London 
water supply arose during the war, when it could be introduced 
without the fact beifig announced in the daily press. Even now 
very few consumers realise that they are drinJing .chemically 
treated water. The history of the chlorination of Thames water, 
in the enthup^tiu words*of A.,C. Houston, its author, "reads 

" B. 0. luttle, J. Amr. Water Works Assoc,, 1823, 10, 6S0*; J., 1923, 
9«a- 
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almost like a romance. Eom kai bred of the war, it is still ia 
active operation, and, so long as the cos^ of cldoi^ine fpr sterilisation 
falls far shoH of the cost of coal for pumping, is likely to be con¬ 
tinued indefinitely.''’®" This yekr the saving effected amounted to 
. £^ 6 , 000 . 

About 70-80 million'‘gaUons daily of ra^ Thames water is taken 
from the river at Be"! Weir, land as it enters the Staines Aqueduct 
it is chlorinated to the extent of 0-5 part per milliih. The ohlor- 
' inated water takes three hours to pass down the Aqueduct to the 
sand filters lower down the river. Although the water is filtered so 
soon as three hours after treatment, no taste troubles have arisen, 
or perhaps it would be more correct to say that no complaint* as 
to taste have reached the Water Board. When the Thames is in 
high flood the treatment is discontinued, and Staines reservoir 
water, which has been stored for a very long time, is used instead. 
The effect of chlorination is to improve the water bacteriologically 
about a thousand times. 

The New River, on the other hand, is sufficiently pure not to 
require sterilisation before filtration, except during the winter 
months. In this case, however, grave difficulties have arisen by 
t. the appearance of taste in the treated water. The taste-imparting 
substances appear to be absorbed by the filter beds and to be 
stored up for a period, after which they are allowed to escape, and 
'Continue to do so until all the taste substance has been yielded up 
by the filter. This unfortimate factor has been overcome by 
skilful dosage and the supplemental use of permanganate as a 
taste remover. 

In the New River also abundant growths of diatoms developtin 
thp spring. Experiments have shown that rapid filtration removes 
those most successfully. A practical installation for this purpose 
' is being erected. 

In addition to its'Well known use as a source of dnnking water, 
the Thames is used as a Source of industrial water. A very impor¬ 
tant instance ottha purification of the river water, in this case the 
water from the ffidal portion of the river off Beckton, for this 
purpose hai been put into service this year by the Gas Light and 
<Goke Company, Ltd. The scheme deals with four million gallons 
a day ®® in a rapid filtration plant of duplicate units, consisting of # 
settling basin and four filters each. 

The water pumped fronj the river is delivered into ,a concrete 
chamber with baffles, whence it passeS jnto a measuring channel and 
flows oxer twcS'rectangular brass weirs, one larger than the other. 
The exaot'quantity of water passing over the larger weir is’measured 
and Recorded on an integrating rheogr^ph. 4 definite portion of 

” J, Roy. San. Inst,, 1923, 44, 63. 

■United Water Softeners, Limited, Bnginter, 1929( IgtiTSS. 
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the water pa^es by means of the’smaller weir into an automatic 
measuring aj^jaratu#, fitted with a chemical cont^er and a 
chemical mixing valve so adjusted as to deliver the exact quantity^ 
of Hme necessniy to coagulate an(f precipitate %he suspended and 
hardening substances contained in Thames water at Beokton. T]>e 
lime qplution is prepared in two mixing‘tanks, furnished with 
agitators, and ^he solution passes by pipes to the chemical container. 

The water with the added lime solution falls into a long trough 
and then passes into distributim'; channels communicating with the 
settling basins. These are constructed of concrete with slopii^ 
bottoms and hold 600,00*' gallons, thus allowing nearly four hours 
for reaction and sedimentation when the plant is working at full 
capacity. For clearing out the basins, sluice valves and drains are 
provided, but thorough cleaning is required only about every ten 
weeks. The water inters the settling basins under baflies and 
overflows the aiU into a trough leading to the filters. During 
■passage through the basins the heavier impurities and a consider¬ 
able portion of the coagulated matter are precipitated. 

A system of communicating troughs stands over the filters from 
which the water overflows on to the whole superficial area of the 
filters. The total area is 2112 square feet, each foot filtering nearly 
80 gallons per hour. The filtering medium is sifted and graded 
quartz sand supported on a bed ot washed and graded gravel. 
Mow the gravel is a system of collecting tubes furnished witli 
safety strainers, by which the water is drawn off from all parts ol 
the filter at the same time. The water thus collected is discharged 
through a central pipe and passes through a ball control valve tc 
th8 automatic rate-of-fiow controller. The ball valve operates the 
filter outlet and ensures that water is always retained in the»Sltei 
bed to a certain level; also it retards the outfiow after cleaning, sc 
that time for the formation of the surface fihp is given before the 
full discharge takes place. The rate-of-fl<®f controller is situated it 
an outer inspestion chamber, and consists essenti^ly of a floating 
piston attached to a moving throttle diaphra^np which opens and 
closes the outlet of the valve in accordance with the ch^ige of head 
in the filters. Froiwthe inspection chamber, whke the appearance 
of the filtered water caft be noted, the water passes over a weir intS 
the filtered water channel to a reservoir with a capacity of 60,000 
gallons. 

A towei»ia provided with q capacity* of 40,000 gallons in which 
filtered water is stored fdl- cleaning thd beds. ^Ihe cleanrang 
operation, is performed by agitating the filtering medidm with 
compressed air at a pressure of 3-6 lb. per sq. in. for abou^two 
minutes. A reverse curreift of waiter is tW supplied to the jurder- 
side of the filter bed, and in its passage upward though tifb h^ ^ 
impiffities deposited on the sand are floated ofi into conneoii^ 

ass 
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waste troughs and pass into a drain. The cleansing process takes 
about ten minutes. , • 

Theifiltered water is used throughout the works for all purposes, 
excepting steam-raising. ' , 

,In the States the subject of taste and odour after chlorination 
has been studied by ¥. H. Waring.®’ Tljere the towns of Cin- 
cinnatti, Columbus, <«nd Toledo receive river waters whieh have 
been treated with a clarifying agent, such as ferrous sulphate and 
■ lime, or aluminium sulphate, rapidly filtered and then sterilised 
with chlorine. At any time when the rivers arc in flood it has 
been noticed that an “ earthy ” odour and taste develop in the 
chlorinated water, or if the river has been low and frozen over 
that a " grassy ” odour develops. These odours subside when the 
rivers begin to return to normal conditions. Chemical deteriora¬ 
tion of the water accompanies the periods of taste; the oxygen 
absorption increases and the dissolved oxygen decreases. It is 
evident that the usual oxidative changes are occurring in presence, 
of insufficient dissolved oxygen, and to these partially anaerobic 
conditions is ascribed the production of taste and odour. It was 
found that the matter could be remedied by slightly increasing the 
• amount of coagulant used, an excess of 2-3 grains of aluminium 
sulphate per gallon being sufficient. It ’s considered that the 
remedy would be facilitated by aeration of the water. 

' The effect of slight acidity in rendering water safe to drink has 
long been recognised by the use of tablets of acid potassium or 
sodium sulphate. This arises from the tact that many bacteria 
are very sensitive to the reaction of the culture medium, and 
therefore Jo the reaction of any natural water in which they mighj 
be^ijipsent. This point has been investigated at the Marine Bio- 
^ logical Laboratory at Plymouth,®'' and W.R.G. Atkins states that 
water-borne bacteria might be killed by altering the hydrogen ion 
concentration of the winter, using, however, alkahs rather than 
acids as being more convenient to handle. To\(^ supplies arc 
normally betwein 6'S and pa 8, which range is favourable to 
the survival of the typhoid and cholera groups of organisme. By 
additipn o1 potassium or sodiunt carbonate the hydrogen ion 
Concentration could be altered to 10'5,.which would suffice to 
kill the organisms mentioned. This might be done very con¬ 
veniently in the case of local water supplies by the addition of wood 

ashes, only a small quantity being required. 

• •• 

Disinfectants. 

testing the germicidal power of a disinfectant it ns convenient 
to coqipare its action with that,of a jwre chemiij^l, substance, for 

J. Amer. Water Work) Assoc., 1923, 10, 75; X, 1923, 419a. 

•• J. Stale Med., 19S3, 81. 223. • • 
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which purpose phenol is nearly ^Iwajs used. The specimen of 
crystals .used is examined for purity the hromine titration 
method. * * • 

J.T. A. Walker and J.M. Weisspoint outtljatthis methdSi does 
not indicate tfie presence of small amounts of oresol in phenol, 
the cre.sol being returned as phenol, Thi8«failure to indieate fhe 
presence of rnsol migh^ lead to grave error^in practice, as oresol 
is three lime8‘'as strong a germicide as phenol. They synthesised 
phenol from pure benzene, and found that the solidifying point of, 
the melted crystals was 4 ()-b^ ^ This was in agreement with Eger’s 
result of 40’9° ior the pni<, substance.** 

Commercial samples v. pure phenol after drying had solidi¬ 
fying points of 34'4°, 38°, 38-8°, and 39-9°. The corresponding 
amounts of cresol, by calculation, to these figures were 12,4-8,3'4, 
and 1-1%, which e'.rced clo.sely with the results of analyses.* 
These amounts of impurity would be likely to cause difierences 
in results in practice, according to the sample used as standard. 
A very interesting experiment on this point was made, the 
carbolic acid coefficient of the same disinfectant being determined 
by the Rideal-Walker method with each sample of phenol in 
succession. The coefficients obtained were 16,18’6, 19, and 20: 
and 20 also with the pure synthetic phenol. The possibility of 
such difierences would be of importance in a strict comparison 
of the germicidal powers of different disinfectants carried out 
in different laboratories, and especially in testing disinfectants 
supplied under contract. 

The authors recommend that the purity of a specimen of phenol 
t» be used as a standard shonld be determined by th( ohdifying 
point method, and that no phenol with a solidifying point below 
40° should be considered pure. * 

« Medwal Officer, 1923, 29, 226. 

>• Pharm. Zeit., 1903, 210. 
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itNE CHEMICALS, MEDICINAL SUBSTANCES, 
AND ESSENTIAL OILS 

By Habold King, D.Sc., 

DejiartmerU of Biochemistry and Pharmacology, The National 
Institute for Medical Research, Hempstead. 

Animal and Bactebial Pkoducts. 

*Dueing the past year two important communications have 
appeared by H. W. Dudley^ and by J. J. Abel, C. A. Rouiller, and 
E. M. K. Gteiling,* dealing with the pituitary hormones. The 
former worker found that a crystalline picrate could be isolated 
from the butyl alcohol extract of the aqueous digest of the glands 
possessing the characteristic action of pituitary on plain muscle 
,(ox 3 rtocio effect) and on the blood pressure, and in its activity 
equalling histamine. This picrate was identified as potassium 
creatinine picrate contaminated by a trace of active material. By 
crystallisation from alcohol the active substances remaine.d behind 
in the solvent and were divisible into an acetone-soluble, E, and an 
acetone insoluble, A, fraction. A was twelve times sis active as 
histamine on the guinea-pig’s uterus (oxytocic effect) and tested on 
the blood pressure showed a strong pressor effect but was free frem, 
depressor constituents, whereas R had one-twentieth the oxytocic 
activfty of A and produced a strong depressor action followed by a 
' moderate pressor action. This and other evidence supports the 
earlier conclusions of Dale and Dudley that there are at least two 
principles if not three. ‘ These results may be contrasted with 
those of Abel and hi{i co-workers, who use new a^rption methods 
for purifying the tfctive principle. Their purest preparation, which 
was matched against histamine phosphate, had,an oxytocic activity 
JOOO fo 1250 times as powerful. A dose oi 0-01 mg. raises the 
blood pressure of a cat and 0*05 mg. produces a marked diuresis in 
rabbits. No methods have hitherto been successful in the hands 
of the authors for the division of the product into fractions with 
different physiological activities as foupd by Dudley. The product 
is Bfill a, varnish, but its aqueous and alcoholic solutions no longw 
produce ]frecipitates with picric or picrolonio acids, ‘ merouBn, 

ft < , - 

*J, Pharm. Bxp. Ther., 1923, 21.«03 ; f., Ghm.'Sof^ 1923,124, 

•»/. Amer. Med. Aeeoc., 1923, 80, 1876; Rep. Intemat. Rhyaiol 
Edtn,, 1923; J, Pharm. Exp. {ther.» 1923» 22. 289, - 
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chloride, or tannin, and phosphotungstio acid only precipitates it 
inoomplptely. The povel methods adopted for its purification have 
recently beef! published ifl detail and are thought suitable for the 
isolation of secretin and insulin. • * 

Some years hgo Eiohet isolated two crude poisons, thalassin and 
congestin, from the sea-anemone. A pu^e crystalline toxic oon- 
stitudnt has now been “isolated by p. Ackermann, F. Holtz, and 
H. Beinweini* From 33 kg. of 8ea-anemone*(Al:fiKia equina) they 
obtained 12 grams of tetramethylammonium chloride, a new con¬ 
stituent of the plant or aiui ai kingdom, characterised by iti 
intense curare action on the frog, 0-01 mg. producing complete 
paralysis in 3 minutes. 

The naturally occurring amino-acids are valuable experimental 
materials, and the!” availability at a reasonable price is muchTto be 
desired. A useful process for isolating arginine, 

NH: C (NH,i [CH,], CH (NHj). 

has been described by A. Kossel and R. E. Gross* by means 
of a specific precipitant in the 7-sulphonic acid of Martins 
Yellow (2.4-dinitro-l-naphthol-7-sulphoiuo acid). Protein hydro¬ 
lysates freed from excess of acid give a precipitate of the argininei 
salt of this sulphonic acid, which salt has a solubility in water of 
less than 0-2%. 

The modem science of bacteriology is one of wonderful technique, 

BO that delicate phenomena covered by such terms as agglutinatiqn, 
complement fixation, precipitin formation, of which the chemical 
basis and mechanism are almost unknown, are reproducible with 
precision. Some interesting and probably significant observations 
are recorded by M. Heidelberger and D. T. Avery,®.wb't have made 
an attempt to isolate the substance from the cultural fiuid in which 
pneumococci are grown in vitro which precipitates specifibally in 
anti-pneumococcus serum. By fractional precipitation of 75 litres 
of broth in which pneumococcus had beei* grown, by alcohol or 
acetone and finally ammonium sulphatd, one gram of a varnish has 
been obtain^ containing 1-2% of nitrpgen, Ik was essentially a 
polysaccharide, giving 79% of reducing sugaft on hydrolysis and 
yielding glucosazqne. It gwre a reaction wi^ imntone sera at a 
dilution of one in three million. This suggests an unSbspeq^ 
specificity relationship between carbohydrates and bacteria. It 
is, however, possible that the specific substance is nitrogenous anJ 
only associated with the carbohydrate. 

To a similar category Jiulong some eqpally surprising results of , 
W. A. Perlzweig and G. I. Steffen.* In 1902 Kck isolated from 

» 1923,78.113 ; J., 1923,124.'H. 

‘J., • • 

•J. Exp. Med., 1923, 88, 73. 

•m., 1923,.38, 181. 
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young typhoid bacilli “ ooagulin B ” which gave a precipitate with 
immune sera, was protein-tree, soluble in alcohol, and resistant to 
heat and proteolytic enz 3 mies. It would not, howevhr, act as an 
immunising antigen^ The two authors mentioned, working with 
pneumococcus, have isolated an immunising antigen by tryptic 
digestion and extractiott of the digest with 70-90% alcohol. It is 
thermo-stable, non-ligpidal, and non-toxic and contains only a 
trace of nitrogen. It appears to be very much simpler tha'ii native 
Jjacterial protein. It will be observed that three independent 
groups of workers studying the chemistry of different phenomena 
of great importance in serum therapy arrive at results wUch suggest 
that non-nitrogenous materials, associated with bacteria, play a 
signi^cant r61e in their reactions. 

Insulin .—^Although insulin has proved wonderfully successful in 
diabetic therapy, little is known as to the mechanism of its action 
or as to its chemical constitution. A summary of the methods, 
which have by no means reached finality, used for its isolation has 
been given by C. H. Best and D. A. Scott.’ The pancreatic glands 
are extracted with 96% denatured alcohol acidified with acetic 
acid. Aqueous extractions have been tried but the product is 
niuch less easily purified. The methods used for purification are 
five in number, (1) precipitation by half saturation with ammonium 
sulphate,* (2) precipitation by adjusting the hydrogen ion concen¬ 
tration* of the medium to the isoelectric point, about pn 5, (3) 
adsorption by benzoic acid from aqueous solution,* (4) adsorption 
by charcoal,® (6) precipitation by picric acid.’® The last-mentioned 
method has the advantage that the insulin can be obtained as a 
stable powder by conversion of the picrate into the hydrochloride 
by means of alcoholic hydrochloric acid and ether. Such a product 
was foitnd by Dudley to be free from phosphate and organically 
oambined phosphorus, to give Molisch’s reaction for carbohydrate, 
the biuret, Pauly, ana organic sulphur reactions. It was fairly 
stable to acids but much‘less to alkali, and was destroyed by 
pepsin and by trypsjp. Jt was also non-dialys'ablk Its com¬ 
plexity is evidently greater than was at first thought to be the oiwe, 
being of quite' a diffprent order from /.he pituitary and suprarenal 
pijpciples. 

J. B. CoUip, who contributed to the large-scale development of 
the isolation of insulin,^’ has turned his attention to the occurrence 
of insulin-like substances where glycogen is present in nature and 
has isolated from yeast,“ wlieat leavfef, oniais, lettuce, barley 

’ J. BiU. Chem!', 1923, 57, 709; Abs., 1924, B, 112. 

‘ E. A. Doisy, M. Somogyi, and P. A. Shaffer, ibid., 1923, 55, hi. 

‘P»J. Moloney and D. M. Findlay, ibid., 1923, 67, 359, 709. 

• H. }V. Dudley, Biochem. J., 1923,^7, 376; J., 1923, 1446a. 

H Okem. 'Abat., 1922, 16, 3116. 

^Nature, 1923, HI, 671; J, Ohem. Boc., 1928, i, 728» 
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root, and clam tissue,a crude firodiyst which has the action of 
insulin but in whiclk the effect develo]^ much more slowly. The 
prmciple in ^ants is oalleS glucokinin, A similar preparation has 
also been made from yeast by H.»B. Hutchii^n, W. Smith, and 
L. B. Winter.^* It is too early to state whether this product from 
these sources will have any commercial application. 

GLUCOsinfis. 

The assay of digitalis is usually effected by a biological method, 
although chemical methods K..'c been proposed. Martindale* 
proposed a colorimetric method depending on the reaction with 
Frohde’s reagent (amne. uum molybdate in sulphuric acid). A 
new method has recently been evolved by A. Knudson and M. 
Dresbach, depending on an observation of Baljet, in 1918,’who 
showed that digitalis glucosides gave an orangc-rcd colour with 
alkaline picrate soluUons. These authors haw applied it to the 
quantitative assay of a number of digitalis tinctures, fluid extracts, 
and infusions and find a close correspondence with the biological 
method.*® Still more recently they have extended it to stro- 
phanthus. In cither case, the tincture, for instance, is decolorised 
by lead acetate, the lead removed as phosphate, and the liquid 
treated with an alkaline picrate. The maximum colour develop# 
in 20 minutes and is compared with a standard such as ouabain or 
bichromate. In both cases the chemical assay is claimed to give 
an estimate of potential cardiac activity.*® • 

The inter-relation of the animal and vegetabl eheart poisons, 
the phytosterols, and terpenes has been emphasised in previous 
Reports.*’ A recent paper by A. Windaus and G. Brandte outlines 
a'research in this group which is likely to have far*-ref cbing con¬ 
sequences.*® In a former paper Windaus and Hermanns** minted 
out that the sugar-free products of the heart poisons are hydroxy 
lactones and have probably a similar carbon |keleton loaded differ¬ 
ently with oxygen. Thus antiarigenin ^ CjiHjjOj, digitoxigenin 
CjjHjjO,, digitaJigenin 024 H 3 J 503 , strophanthidin (cymarigenin) 
CJ 3 H 33 O 5 , or according to Jacobs and Heidfeljierger*" C 31 H 32 O,, 
aud bufotalein C 24 H 33 O 3 . Digitilanum verum has nqw been pre¬ 
pared pure in a yield of 22 g. fr*om 17 kg. of digit&lis seeds, and melts 
at 211°-212°. By catsflytic reduction with palladium and hydrogeft, 
the genin, digitaligenin, absorbs six atoms of hydrogen, forming 
hexahydrodigitaligenin, C 24 H 3 JO 3 . As its three oxygen atoms are 
“ J. Biol. Chem., 1*23, 56, M3 ; J., 19*), 856a. 

"Nature, 1923,112, 205 ; ‘Biochem. J., 192?, 17, 683. 

*® J, Pham. Exp. Ther., 1922, 20, 205. * 

*• Rep. lutermt. Physiol. Cong., Edin., 1923. 

*' Ann. TJepis., 1J22, 7, 425. 

"Ber., im/es, 2001 j J., I923f 1150 a. 

"Ber., 1915, 48, 979; J., 1915, 851. 

•V. Biol. Chem, 1922, 44, 253. 
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present as a lactone and a ^ydrosyl group it possesses 8 atoms oi 
hydrogen less than a satulcated lactone of the. parafBn series trith 
Cjj. It contains therefore four rings, hs do ohblesthro'i, the bile 
acids, and bufotalan, the reduction product of bufotalein, with 
which it is isomeric. It difEers from bufotalan in thalt its OH group 
is 'secondary, yielding,, a ketone on oxidation and a lactone 
CjjHjgOa on reductiQn of the ketone by* Clemmensen’s mdthod. 
This substance without the OH group no longer gives the well- 
..known colour reaction with acetic anhydride and sulphuric acid. 

The authors propose to examint. in a similar way periplocin, 
ouabain, digitoxin, antiarin, and scillaren to see what is the inter¬ 
relation of the saturated reduction products. 

► Essentul Oils. 

At the present time thymol is the focus of attention and wide¬ 
spread interest. As an antiseptic it is a product of considerable 
commercial importance, and it is either being made or processes are 
being worked out for its preparation by at least four or five 
methods. In addition, it can serve as the basis for the preparation 
of menthol, the optically active variety of which is practically a 
Japanese monopoly. Before the war thymol was sold at 7s. per lb., 
in January of this year it was quoted at 17s. 6d. per lb., and in 
November at 13s. fid. per lb. The chief natural source of thymol 
is ajowan seed grown in India, whence the whole crop was formerly 
exported to Germany. In the last few years it has been manu¬ 
factured in Central India on an extensive scale, and 10,500 lb. of 
thymol was exported^ from India in the two years ending Jime, 
1919. France has no natural supply of thymol, and suggestions 
have been.mide that Ocimnm gralissimum, which grows on tfie. 
Ivory/loast, should be cultivated.^ The oil gives 44% of phenols, 
^chiefly thymol. 

Synthetic thymol i^. however, likely to be a serious competitor of 
natural thymol. It is nojv being manufactured in Australia from 
piperitone by an oxidation process in 90% yield.“ .Piperitone or 
peppermint ketonj, ‘bffelfed to British manufacturers at 4s. fid. 
per lb., is ^obtained frbm the Eucalypts, trees indigenoift to 
Australia but not at present cultivatM. It is stated that Germany 
M prepared to take the whole of the eucalyptus oils that Australia 
- can produce. 

Another potential source is cymene, the by-product in the 
sulphite-cellulose industry, «f which two million gafionsris wasted 
annually in Canada and the United States. *The Phillips pateal, 
dedicated fo the people of the United States, points put that 
thjrmpl costs 4-5 dollars per lb. and claims that the syiTthetic could 
* Pfrf. JSsient. Oil Bee., 1920, 11» 497. 

'102ft. 14. 2fiA. 
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be made for 2 S dollars'^r lb.**•Serial ciieimcai mamilactnrers 
have become iater^d in this patent* which is an improvement 
on previous processes.®® ’Cymene is nitrated, the product reduced 
to cymidine, which is sulphonated and a njw method dsed for 
eliminating tfie amino-group by conversion primarily into cymyl- 
hydrazinesulphonic acid. The hydrazine youp is removed ancHhe 
sulpBonic aeyi finally flised, with potash.*® ^Another allied process 
has alscPbeeif patented by R. II. McKee,** who sulphonates spruce 
turpentine with fuming sulphuric acid with production of mixed 
sulphonic acids, which on fui.i.in with caustic soda yield thymol 
and carvacrol. 

In England and in 0 I’many patents*® have been taken out by 
two firms for the preparation of thymol by condensation pf sul¬ 
phonated m-oresc'. with isopropyl alcohol, the sulphonic acid 
groups being removed by steam. The process is based on a dis¬ 
covery of Mazzara,-* who used anhydrous magnesium chloride as 
condensing agent. An improved process has recently been patented 
by Howards and Sons and J. W. Blagden,*® in which sulphonation 
is avoided by use of phosphoric acid. The starting materials for 
the preparation of synthetic thymol are shown below 
OH 


m-Oresol. 

J3-Cymene. 


\ 

\ 



__PH 

<-MoC 

Thymol. 


^ CH CO V 
Piporitone. 


Closely linked with the chemistry of thj'mol apd pip.ritone is 
that of the menthones and menthols. The subject is more mvolved 
than a perusal of the patents would indicate, owing to the fact that 
menthone exists in two forms, menthono and isomenthone, the 
former of which on reduction gives rise to rsenthol and neomenthol 
and the latter to isomenthol and neoisomenthol.** Each of these 
can occur in* optically active modifications. H.Jr.Smith and A. R. 
Peloid “claimed that piperitone on reduction with hydrogen and 
nickel at 175°-180°gave an jlmost quantitative yield of menthbne, 
and this on reduction with sodium and moist ether gave mient^ol. 


“Ibid., 1923,14,26. 

“Ann.Bepti., 1916,4,497. 

“Mj PhiHips, J. Amer. Chfm. Soc., 1923, 46, 1489 ; J., 1923, 742a. 

» ra.P. 1,449,181 i J., 1623, 621a. * 

'• Badische Anilin n. Soda Fabrik, E.P. 186,202 , J., 1923, 8T9a. 
Howards and Sons and J. W. Blagden, E.P. 197,848 19%, 743 a. 

*• Sou. Ghim., 1882,12, 505. * j f 

"E.P. 200,161'! J., 1923, 660a. • * 

“B. H.'BIbkard and W. 0. ttttlabury, J, Cham, Soc., 19I2«U1, Ww i 
J., 1912, 467. 

“ Pm. Roy. Soe. S^W., 1620, 64. 40 i J., 1922. 78 a. 
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This does not, however, agree with the recently published obser¬ 
vations of R. S. Hughesdon,‘H. G. Smith, and J.Read,®® who>reduoed 
dl-, d-, and l-'piperitones in presence of palladium at '25° or nickel 
at 180* with production of dl-, d’, and 1-isomenthoncs respectively. 
OH 


>CHOO.. 
IeC< >( 

Piperitone. 


/ 

CH CHMe, 


\ 


MoOH 


3Vie<^ 

Thymol. 

^(Tla-OO,, 


>C'H('HMo, 


\ 

^ / CHj CHOH .. 

MeCH<; >CH.CHMb, 

^ VcH.-OH,-/ 

y / Menthol. 

Noomen thol. 


Isomenthol. 
Nooiso menthol. 


Menthono and isomenthoiio. 


Again these latter workers find a bimolecular ketone as the main 
product of the electrolytic reduction, whereas Penfold and P. R. 
Morrison®^ obtained a quantitative yield of isomenthone. 

The Rheinische Kampfcr Fabrik**’ have patented the reduction 
of thymol to the menthols by heating with hydrogen under pressure 
in the presence of nickel, cobalt, platinum, or palladium. The 
product is a solid inactive menthol (or menthols) and a liquid, which 
latter can be dehydrogenised by copper or nickel oxide to the 
menthones and the latter rc-hydrogenised with production of more 
sqUd menthol. British firms have put on the market*® an optically 
inactive sohd synthetic menthol, m.p. 28°-30‘' (natural (-menthol 
45°) and a liquid synthetic menthol. Both of these are probably 
mixtures. The production of (-menthol in good yield by reduction 
of an optically, active piperitone, the goal of the present work, ^ 
not likely to be realised without a great deal more spade-work. 

The striking progress in the elucidation of the constitution of 
the sesquiterpenes recorded in last year’s Report*’ has been well 
sustained. The only'known ahphatio sesquiterpene alcohols arc 
nerolidol and famesol, both of which have now been synthesised 
by Ruzicka starting fyom.geraniol.*® 


CH, 
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CH> CMeOH 
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Nerolidol. 
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“ ChetrtI «oc. Tram., 1923, 123, 

•* Nature, 1923, 112, 639. 

•• B.P. 189,450 : J.. 1923, 743a. i 

"Petf. Bseent. Oil Pee., 1923,14, 3^, 415. 

” Atm, Kepte., 1922, 7, 496. 

' •• Beh. OUm. Acta, 1J23, 6, 492; J., 1923,68<U. 
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Nerolidol is used in perfumery as g, fixative for more volatile 
odorifejous jwrfumas; its synthesis hSs been covered by patent 
and is being*worked commercially.’® • 

The same ajithor has advanceebstrong evidjnee that the*sesqui¬ 
terpenes are closely related and are built up from three isoprene 
skeletons, shown by the dotted fires in the formula for neroUdol. 
Many of the™ on boiliifg wilh sulphur give one of the two naphtha¬ 
lene hydroedlibons, eudalene ^1) or oadalene (II), the carbon 


/w-x 






III, I. 


]V. 


skeletons giving ris. to those being called the cadinene type (IV) 
or the cudesraol type (III); a- and ^-sefinenes from oil of celery 
belong to the eudosmol typo, as both have now been converted* 
into eudafin, and the same applies to a-santalol and a-santalene. 
Caryophyllene" from oil of cloves or hops does not at present fall 
into this scheme, nor does the new sesquiterjiene rf-longifolenc dis¬ 
covered by J. Ij. Simnnson.* , 

One of the first exam])los of the use of sulphur for dehydrogena¬ 
tion was its action on abiotic acid with production of the hydro¬ 
carbon retene (I). L. Huzicka'and I'. Balashave now shown that 
d-pimaric acid gives a hydrocarbon* which is probably a dimethyl- 
I)henanthrene (11). The large group of pine resin acids is thus 
coming under control in just the same way as the sesquiterpenes. 


/~\ 
"X / 


Mo 
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A number of interesting constituents of essential oils have been 
recorded during the past year. F. Eoghusi^n’Hias examined the 
phenolic and aoidie portion of camphor S)il accumulated by 
Schimmel und Qo., and finds 4-ethylguaitu:ol iif the phenolic 
portion and hexoic, wtoic, and oitronelfic acids in the ratio 1:25 
in the acidic portion. A. B. Pcnfold and F. B. Morrison*’ havw 
isolated a new phenol ether, CnHuOj, croweacin, from the essentiw 


Per/. Eaaent. <Ji( Bee., M)23, 14, 39». 

« h. Kuzicka and M. Stoll, Hde. Ohm. ‘Ada, 1922, a, 923 j J„ 1923, 
lfl2A. * . 

u E. Iteufisen,*Z. angew. Ghem., 1923,36, 348 ; J, Gbem. 8k., 1923, i., 813, 
*- Ohem. Soc. yrans., U23, 123, 2642 ; J., 192'', 1247a. 

« miv. V0m. Ada, 1923, 6, 6W ; J., 1923, 1247a. 

“ J. jmkl. Ghem., 1922,106,120; J., 1923, 1043a. 

EsaeM. Oil Bee., 1923,il4, 2,58. 
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oil of Eriosfemon Grown, in »vhiclf it occurs to the extent of 90%. 
It has an odour of safrole and is isomeric with mypsticjn. 4-Me^- 
oxyresopylaldfehyde, with an odour resembling vanillin, has been 
isolated from the roots of DecaWpm Harrdllonii by 6. S. Rao 
and M. S, Iyengar.*® This substance was also isolated many years 
ago'by E. Goulding and R. G. Felly from an allied specijs of 
chlorocordon. Two isomeric' sesquiterpene alcohols, o- and jS- 
fusanols, isomeric with the two santalols, have been isolated by 
J$. S. Rao and J. J. Sudborough from West Australian sandalwood 
oil.*® 

AN.a;STHBTICS. 

Gewrral Anms(helics.—-'&noi mention was made in last year’s 
Report®* to recent claims by Cotton in Canada,and Wallis in this 
country, that pure ether is not an anaesthetic. Cotton ascribed 
the amesthetic properties to the presence of ethylene or carbon 
dioxide, whilst Wallis attributed it to ketones “middle members 
of the series,” and as a result of his researches introduced 
“ ethanesal.” Such surprising statements and claims have, during 
the past year, been submitted to close experimental examination. 

L. Stehle and W. Bourne ®® prepared ether by the interaction of 
sodium ethoxide and ethyl iodide, and after purification found 
that such ether had in the highest degree the anaesthetic pro¬ 
perties usually attributed to it. The present writer, in collabora¬ 
tion with H. H. Dale and C. F. Hadfield,*® has also prepared per¬ 
fectly pure ether distilling between 34-1° and 34’15° at 761 mm. 
in perfect agreement with the value 34'5° at 760 mm. recorded in 
the careful work on ether of Wade and Finnemore.®* Such ether 
tested on animals by Dale and on human patients by Hadfield 
induced” anaesthesia smoothly and easily, and maintained it just 
£6 do the best commercial anaesthetic ethers. An examination of 
various batches of “ ethanesal ” showed that it contained 95'6% 
of ether, 4% of normal buf^l alcohol, and a trace of an aldehyde 
boiling near the recorded boiling point of butyric aldehyde. There 
was no evidence of®the presence of ketones. Similar conclusions 
have been arrived at by W. Storm v. Leeuwen,®® ^vho at the request 
oil Dufch firm investigated the question of p^ire ether anmsthesia. 
"..He found that ethers (rf various degrees of purity differed little in 
their narcotic action, and pure diethyl ether prepared from the 

. •• Perf. Essent. Oil Bee., 1923,'14, 2, 300 t J; 1923* 946a. 

«J., 1908,364. • ‘ 

*• J. 1923, 6, 163 j J., 1923, 675a, 

** Ann. Bepts., 1922, 7, 498. 

. Amer. Med. Aeeoe., 1922, 79, 376. 

“ Lancet, 1923, t, 424. • 

*• J. Ohm. Sec., 1909,9S, 1854. 

" Bep, Intern. Phyeiof. Cmg., Edm., 1923. 
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ether of orystaffisation-of benzidine bad also the same narooti 
action. • 

Of oonsidefable interest to ether manufacturers are some^funda 
mental observations of J. B. SeilderenB^* oi^the catalytic dehy 
dration of alcohols by dilute sulphuric acid. A mixture of prray 
alcohol, 100 c.c., and sulphuric acid, 75 c.o», boils at 140° and gwe 
mainly propylene, butT witji only 40 c.c. gi sulphuric acid thb' 
boiling point Is 125°, and 30% of propyl ether is produced. 'HbiB 
favourable lower temperatmre can also be maintained by usinft 
300 c.c. of dilute sulphuric acid corresponding to H 2 S 04 , 4 H 20 and 
the yield of propyl ether is 40%. Similar considerations apply to 
the preparation of the tihers from ethyl, isopropyl, butyl, isobutyl, 
and isoamyl alcohols, the proportion of acid required to produce a 
certain result decreasing as the boiling point of the alcohol increases. 
In the preparation ot methyl ether from methyl alcohol the efiective 
hydrate is H^ 04 , 2 H 20 and the boiling point of the mixture 
160“-165°. 

A different process for the preparation of normal and mixed 
ethers has been patented by C. B. Carter and A. E. Coxe*® in the 
United States. The process depends on the interaction of an 
alcohol under pressure with an aliphatic monohalide in the presence 
of caustic soda, the yield being almost theoretical with pure 
alcohol. 

CH,a+Na 0 H+C,H, 0 H=C,H 50 CH,+NaCl+H ,0 

The important and much-discussed problem of the autoxidation 
of ethyl ether seems to be nearing solution, although complete 
agreement has not yet been attained. In 1922 Clover^* assigned 
^e formula CjHj-OUHMeOOH to the peroxide forjned from ether" 
by the direct absorption of oxygen, and adduced evidence that 
hydrogen peroxide is not a primary product of the oxidStion of 
ether. H. Wieland and A. Wingler” have approached the problem 
by a different route, from a Study of the aation of hydrogen per¬ 
oxide on aldehydes. Acetaldehyde gives dihydroxyethyl peroxide, 
2CHjCia)-J-H,0,;tCH,CH0H00^CH0|[C8s 
whiyh on warming gives diethylidene diperoxide, an insoluble very 
explosive resin. 

2CH,CHOHOOCHOH'CH4=2CH,CHO-t-2H,0-l-CH,CH<^^CH'Cfi," 

The authors have shown that dihydroxyethyl peroxide is identical 
with the oxidising substance foun(^ in ether residues, and its 
formation is suggested on.fhe following lines :— * * 

EtOCH,0H,-t-O, - EtOCH: CH,-l»H,0, 

. ^ BtO-CH: CH,-|-H,0 - EtOH-fCH.CHO • 

« ComptM rend., 1923,176, 813 j 177, i8; J., 1923, SaOi. 
«tI.S.P.'l459,177 i J., 1923, »5lA. 

••d. 47ner. Ohm. Soc., 1922, 44, 1107; J., 1922, 519a. 

» Annoien, 1963, 481,^01; J. Ohm. 8oc., 1923, i, dSO. 
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the acetaldehyde and the ,J»ydt«/gen peroxide reacting, as shown 
previously, with formation of dihydroxyethyhperoxide. 

ConsideraMe progress has been maae with two new genertd 
ansesthetics, ethylepe and acetylene. Ethylene,. a commercial 
product retailed in cylinders, has been used in 106 surgical cases 
as*a general ansesthetic with complete success, by A. B. Luckhardt 
and J. B. Carter'*® in.the United Stages. It is administered with 
about 18% of oxygen and has the advantage over nitrous oxide 
<,in that anaesthesia can be maintained without signs of asphyxia 
and with complete muscular relaxation. Similar results are 
recorded in Canada by W. E. Brown and V. E. Henderson.®® In 
Germany a similar state has been reached in respect of acetylene. 
Pure,acetylene dissolved in acetone under pressure is marketed by 
Boehringer under the name “ narcylene.” Owing to the charac¬ 
teristic odour of the pure material it is masked by perfumes*® 
such as geraniol, or oil of pine, and any traces of acetone carried 
over during its use as an ansesthetic are removed by bubbling 
through water. H. Wieland and C. J. Gauss*® record its use in 
615 cases, chiefly surgical, without accident. Anaesthesia is 
commenced with 60% acetylene, but afterwards the concentration 
pan be much reduced, even to 25-30®/o. As 3% of acetylene or 4% 
of ethylene mixed with air forms an explosive mixture, such con¬ 
centrations must never reach open flames. This aspect of the 
problem of these new anajsthctics is now receiving attention. 

Local Armatheiics .—Progress in the discovery of new drugs 
proceeds in two directions, the modification of chemical structures 
of known physiological action and the more difficult production of 
entirely new ohemical types bearing no recognisable similarity ,of 
structure to known types, but still possessing the physiological 
property under consideration. The pubheations of the past year in 
■local ansesthetics are illustrative of this in a greater or lesser degree. 
Benzoyl or substituted benzoyl derivatives of amino-alcohols as a 
rule show some local anseSAetic action. 6. Tanret*® has prepared 
the 0-benzoyl, p'o.mipobeyzoyl, and cinnamyl esters of N-methyl- 
granatoline (I), and finds generally that the local anaestj^etio 
actions are more marked than those of the derivatives of the lower 
ring hbmologue, tropine (II), 


CH,-CH-CHj 

(!iH, JlMeciiHOH 

(iHr-CH-CH, 

L 


CHj-CH—CH, 
Me CHOH 

I I < 

OH^-CH—CH, 

U. 


f 

Amer. Med. Aesoe., 1923,80, 765,1440. 

Intern. Phyaiol. Omg., Edin., 1923. 

»»EJ*. 206,240 ; J., 1923, 1199a. ^ 

^^KUn.' Woch., 1923, 2, 113 j C. H. S. Horwitz, Loncei, 10?3, i, 619. 
“ OomplM rend., 1923, 178, 1659 ; J. 1923,.856a, 
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whereas E. Adams and S.M. hC)Bkain“ find that the isogranatin^ 
snabgue (I) of cocajne (II) is a toxic, weak aneesthetio pii^ueing 
incomplete ahsesthesia of the rabbit’s cornea in 2% •solution. 

CHOBz • CH,-,CH—CHCO.Me 

' a, in, CH- co,Et 


OH, 

C5H, 


NMe OHOBz 

-CH-tk 

11 . 


A patent®^ has been applied fer, for the production of amino^* 
benzoyl derivatives of l-raethyl-4-diethylaminopentanol-5 and 
2-methyl-4-dimethylamin'ipentanol-6, and C. Mannich and 
D. Lammering have described some benzoyl derivatives of 
fi-amino-alcohols which in some cases are claimed to be more potent 
than cocaine. They have unfortunately an irritant action. 

The relative local lusesthetic action of the .series of homolo^es 
of novocaiiie referred to in a former Beport** has been determined, 
by H. L. Schmitz. E. A. Rygh, and A. S. Loevenhardt.®' The. 
compounds examined were 


NH,CoH,COOCH,CH,NKt, 
NH,O.H,OOOCH,OH,NBr., 
NH,-C,H,COOCH,OH,Ni«oPr., 
NH.-C,H,COOOH,CH,N(C,H,), 
Ethanol series. 


NH,0,H,CO().((;H,),NEt., 
NH,-0,H,UOO(OH,)3NPr., 
XH,CjH,COO(CH,),NisoFr 5 
NH,-C.H.C()0(CH,),N(C,H,),. 
Propanol series. 


It was found that with increase of the molecular weight of the 
alkyl radical in both series there was a marked increase of local 
ansesthetic power, and members of the propanol series were slightly 
more anesthetic than those of the ethanol series. The fourth 
nipmber of the propanol series, “ butyn,” is being trieci dmically, 
and although some reports are favourable, an adverse jne by 
W. Hill*® finds that it is not uniformly reliable and, unlike cocaine, 
does not produce the desirable property of local ischsemia of* 
mucosal vessels. * 

H. Graf *• has described the relative fbuesthetic action of N-fi- 
methyl, N-dielhyl, N-dipropyl, and pippridyl ISucinol esters of 
p-an^obenzoic acid prepared by Karrer and hffl pupils. Biey are 
relat^ to novocaine. The It-iethyl derivative * 

NH,-C<HpOO,'CH,'CH(NEt,)CH,-OHMe, 

is the best, the claim being made that it is as good as, and bb 
rapid as cocaine in its action on the cornea, and eight times as 
# . 

" J. Amer. Chem. Soc., 19^, K, . 

•* 0iem. Fabr. Flora, Pat, Appl.; J., 1923, #94 a. ' 

,Bw., 1923, 5S. 3510; J. Chan. Soc., 1923, i., 43. 

** Ann. Bkpta., 1921,6,535. 

"A. Phprtn, Exp^Thw., 1923. 2L 195. 

•»Brit. Ued.V., 1923,2, 876. 

•• Arch. ap. Paih. Pham., 1923, M, 315. 

• • 
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powerful as novocaine, wl\ereas>’on the skin and sciatic nerve it 
is twice as good as novd-aine. The preparation of the parent 
amino^alcohoi, leucinol is, however, diffifcult. '• 

Turning now to, some new nor uncommon types, ^-naphthyl 
)5-dimethylaminoethyl ether, CijH/O-CHj-CHj-NMej, is stated to 
ha^e a local ansesthetio action,™ and likewise the products of the 
interaction of diethyjamine, dimethylamiiie, and piperidine' with 
benzyl p-bromomethylbenzoate,’' thus:— ' '■ 

' CHjBr C.H. COOCHj C.Hi-CHjN Et, C,H, COC)CHj C.Hi 

Some mixed basic esters of phthalic acid have been patented, as 
for example the methyl diethylaminoethyl ester of phthalic acid, 
CjHjlCOjMel-COj-CHjCHjNlUtj and the 1.4-dichloro deriv¬ 
ative. These are claimed to be powerful anresthetics.™ It 
will be recalled that the symmetrical diethylaminoethyl phthalatc, 
CjHjiCOjCHj-CHj-NEtj), prepared by Pyman was inactive.™ 
Some basic benzoyl compounds which are not esters'"’ have been 
found to possess local anaesthetic properties, as for example:— 
C,HsC() CH, CH. NCiH„ imd C.Hj CO CHI’h.CH, NCiH,„. 

Of great interest are the results of the examination by 
R. Gottlieb’* of the relative local anaesthetic action of d- and 
/-r^-eocaines and of dl- and i-cocaincs, which are the methyl esters 
of the diastereoisomeric bases benzoyleegonine and benzoyl- 
eegonine respectively. The stercoehemistry of this pair is now 
almost complete, as the Chemischen Fabrik E. Merck have resolved 
synthetic ^-cocaine into its enantiomorphs, which were placedatthe 
service of Gottlieb, and have apparently resolved synthetic cocaine, 
as shown by a recent patent application.’* Gottlieb found that on 
the sciatic’nerve of the frog the order of aniesthetio power w^as 
d-^-c6caine>d/-'^-cocaine>l-oocame>dZ-cocaine, whereas on the 
■•rabbit’s cornea the sequence was Z-cocainod-ilr-cocainodZ-iJr. 
cocainexK-cocaine. <iln both cases the missing d-cocaine would 
appear to be the least <,cnsesthetic member of the scries. 

CH.CH—CH, 

I. I 

NH (JHOBz 

I I 

CHf CMo- CHj 
^-Kucaino and iso-^-eucaine. 

'• Brit. Dyestuffe Corp., W. H. Perkin, and C. R. Clemo, E.P. 193,618 ; 
J., 1923, 426a. 

” HoSmann-La Roche* Swiss Patent, 93,600,93,601; J. Chem. Soc-t 1923, 
i., 925. , 

WHeister, Lucius, und Briining, G.P. 371,046,' 1923, llClA. ' 

md. Chem. See., 1908, 93, 1793. 

Arch. exp. Path. Pharm., 1923, 97, 113 ! Z. phj/jioh. Ohem , 1923, ISO, 
374 ; J., 1923, 1197a. 

’•Maeder, Merck, and Wolfes, E.P. Appl.j J., 1923, 1112a. 


I I I* 

I .NMe CHOBz 

ch,'ChI:h, 

Cocaine and y'^cocaine. 
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An exactly parallel series to this has been examined by the 
present writer,’* yh* has resolved j3-en^hine and iso-^-euoaine, the 
benzoyl derivatives of the diastereoisomeric a- and'^-vinj^diaoe- 
tonalkamines respectively, and has isolate^ the four possible 
optically active forma. The relative local anaesthetic actions were 
determined by J. H. Bum, who found them all equally potent*on 
the rabbit’s comea, button tjie sciatie nerve (W-^-eucaines 

were approxiritately equal in acvon but superior to d-, 1-, or dWso- 
j3-euoaincs, which among themselves were also equal in action. The» 
toxicity of the jS-eucaine memters was less than the iso-^-euoaine 
members, and that of d-j3-eucaine less than that of !-^-eueaine. The 
most favourable 8ubstai,„e, therefore, from the point of view of 
anaesthesia and of toxicity is d-j3-euoaine. • 

Hypnotics. 

The two groups of hypnotics in which there is the greatest expe¬ 
rimental activity are the urethane group and the barbituric acid 
group. In the former R. Willstattcr and W. Duisberg” have 
prepared trichlorourethane, CClj'CHjO CO-NHj, which has been 
marketed under the name “ voluntal.” It has been examined 
pharmacologically by W. Straub, who summarises it as a facile» 
chemically harmless sleep-producer, and clinically by A. Haupt¬ 
mann, who recommends it as a mild sleep-producer without dis¬ 
agreeable after-effects.’* In lower doses it is sedative. The parent 
alcohol, CCla'CHjOH is of interest, as it is now prepared in 70% 
yield by phytochemical reduction’* of chloral by yeast, a process 
originally used by C. J. Lintner and H. Lfters.** L. Yoder*’ has 
piepared substituted chlorourcthanes of a more eoq.plex type. 
Methyltrichloromcthylcarbinol urethane, CClj-CHMe-O-QPNH,, 
and cQmethyltrichloromethylcarbinol urethane, CClj-CMej-O-CONHj, 
had a strong hypnotic action. Some related derivatives without* 
halogen arc the subject of a patent by Poulenc Freres,®* who have 
preparedphenylethylcarbinolurethane, EllPhCH-O CONH,, phenyl- 
propyl and phenylbutylcarbinol urethanes. • TMb ethyl ester of 
p-ethoxyphenylmalonamic acid, EtO•CO•CHJ'^IO■NH■C,H 4 •OEt, 
although not a ujethane, i» like urethane «n aifiide and an 
ester. It is said to. be a valuable hypnotic.** An attempt 
to combine the sedative properties of bromo-compounds with i 

H. King, Ohem. Soc. Trans., 1924,186,41; Vhem. and hid., 1923, 1212. 

" U.S.f. 1,427,606 : J. Chow,. Soc., 1928, i., 10 ; Bayer und Co., G.P. 
358,125 ; J. Ghent. Soc., 1923,%., 86. 

Munch, med. Woch., 1922, (SB, 1651. 

B. Wllj^titter and W. DtUsberg, Ber., 1923, 56, 2283. 
physiol. Chem., 1913, 122. 

« J. Amcr.^qftem*. Soc., 1623, 45M75 ; J., 1923, 329a. 

“F.P. 532,464; J. Chm. Soc., 1923, i., 1007. 

“ Akt.-Cfe8. f. O.B. 371,692 ; J., 1923, 686a. 
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methane is seen in the substituted “ acetylallophanio ester, 
EtjCBr-CO'NH'CO’NH COjEt, prepared by the action of bromo- 
diethylacetyl isocyanate on urethane. Such cohipounds are 
said to be valuable, as soporific# and sedatives.** 

Some iso-urea derivatives which bear a superficial resemblance 
to urethane have been 'prepared and examined by S. Easterfield.** 

';OEt ' . ,OEt 

NH:C/ 0;C< ' 

Ethylisoui'ea. ^ Urothane. 


The following compounds were testedEthylisourea, N-aoe- 
tylethylisourea, N-benzoylethylisourea, 2-ethoxybarbituric acid, 
2-ettoxymethyluracil, and carbethoxyethylisourca, EtO'CO-NH- 
C(OEt): NH, but with the exception of the last named were devoid 
of hypnotic properties. 

As a result of the great attention that has recently been devoted 
to the barbituric series of hypnotics, practically the whole of the 
possible variations among the simple alkyl derivatives have been 
prepared. A number were referred to in last year’s Report** and 
the maximum activity was found in compounds containing-eleven 
,or ten carbon atoms in all, the activity being about three times 
that of veronal. C. Sommaire*’ has prepared the methylbutyl, 
methylisobutyl, methylisoamyl, propylbutyl, propylisobutyl, pro- 
pylisoamyl, and butylisobutyl barbituric acids, but none was 
superior to the C,o and Ci, series of Tiffeneau.** To these may be 
added propylisopropyl, isopropylbutyl, and isopropyl'soamyl barbit¬ 
uric acids prepared by H. A. Shonle and A. Moment.®* 

The repl^ement of the alkyl groups by aryl or basic groups leads 
to disappekrance of hypnotic action as in I and II, 




C<).NH, 


\c/ 

NMr. CR, Cll /1 \C0 NH- 
I. 


> 


CO 


K\ ,CO-NH- 

R'/ Njo-nh/ 


CO 


II, 


where R is H*or'-CHg and R* is phenoxy, hydroxyphenyl, 
or a hydrox^jrtolyl group. This is probably not surprising, es the 
whote.character of the molecule is altered.•“ , 

•* The narcotic action of symmetrical pinaoones, R,R,-COH-COH' 
R,B, is well-known. M. Tilfeneau and H. Dorlencourt** have 

•* Bayer und Co., U.S.P. 1,424,236 ; J., 1923, 683*. 

•‘J. Pham. Bxp. Ther., m3, 80, 45}. 

•• Ann. BejAt., 1922, T, 501. . 

" Butl. Soe. Vhm., 1923, 38, 189; J., 1923, 328*. 

.-Ibid.", 1923, 33,183 j J., 1923, 328*. 

« J. Amur. Chan. Sac., 1923,45,243 j J.. 1923, 242*. 

•*^. W. Dox and L. Yoder, J, Ama. Ontm. Sah, IPfO, 45 , 17614 
1923,867i^ 

ICompta rend., 1923,178, 1343 ; J.. 192?,.625*.. 
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prepared a number of unsymmetftoal jnembers and teated their 
activity by meaajfriag the ooneentratidb necessary to produce 
immobility of fish. The following are described, with their effective 
concentrations jdded;— 

Ph-CHOHCH,OH 1/1000; Ph-CHOHCMe,OH 1/1000; 
PlrCHOHCMeEtOH 1/2000; Ph-CHOaCEt,OH 1/7500; 
PI»CHOH CFr,OH .1/20.000; Ph CHOlfCBu,OH 1/50.000. 


uroano-Metalijc CoMPoituns. 


Arsenic Compounds. —featua^ of this section of the report is the 
sustained interest shown in arsenicals, particularly in IVance and 
in the United States. > hilst Ehrlich and his co-workers con¬ 
centrated their final efforts on the arseno, -As=As-, typj) of 
linkage, French workers have more recently developed the parent 
pentavalent arsinic acids. E. Fourneau, A. Navarro-Martin, and 
M. and Mmc. Trefoucl® have attempted to do in the arsinic acids 
what NicoUe and Mesnil®* did in the benzidine colouring matters, 
the fore-runners of Bayer 205. The former authors have examined 
the action, on experimental trypanosomiasis, T. brucei, in mice 
and spirillosis in fowls, of a large number of phenylarsinic acids, 
many of which were already familiar from the results of the (Jerman 
school. The series comprise the isomeric amino- and hydroxy-* 
phenylarsinic acids, some diamino and triamino acids, some isomeric 
hydroxyamino and diaminohydroxy acids, the acetyl derivatives ol 
the preceding, some urethanes of p- and m-aminobenzamides 
atoxyl, the corresponding ureas and the amides themselves. The best 
substance for the cure of trypanosomiasis in small animals was 4- 
a^o-2-hydroxyphenylarsinio acid(l),but on experimental ryphilis 
in the rabbit it was inferior to S-amfno-t-hyioxyphjnylai'sinio 
acid (II). The stable N-acetyl derivative (III) of this latter arid has 
been introduced into commerce under the name “ stovarsol.” If. 
proved very effective in fowl spirillosis and.it has recently been 
shown to act prophylaotically when taken by mouth agamgt 
syphilis in the rabbit, in the monkey and in iq^n,** and against 
yaws in the monkey and in man. * In ^th oases in man 
volunteers were infected with massive doses of the, parasites ofe 
NH, • OH OH 


(>H 

AsOgH, 

I. . 


\ki 


jNH, 

./ 

AsO.H, 

II. 


|/^NHAc 

AsO,H, 

III. 


"Ann. Inti. Pastern, 1923, 87. 551 ; J., 1923, 1097a» 

“IMS., 1906, 80, 417, 519 ; Ann. Repta., 1921, 6, 637. 

^ I^vaditi, L. Kavarro-Martin, L. Fournier, L. Guenot, 

Sohwarti, Anra fnitfPasUuP, 1922,46, 729 ; O.Levaditi and A. MmRO.* 
Vwto, Otmplti rsnS., 1922,174, 893. 
k ' "G. Burmani^ AreA. Trap, Hyg., 1923,'87i 229. 
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syphilis or of yaws after pral administration of stovarsol with 
completely harmless results. It is also stated®f.tOj have cured oases 
of amoebic dysentery. ' * 

Many arsenicals f,re known to affect the optic ^ tract. A. G. 
Young and A. S. Loevenhart” in America have attempted to cor- 
relite chemical constitution of phenylarsinic acids with this defect, 
and come to the coivilusion that the, amfno group in the para- 
position to the arsinic acid group is responsible, whfist the amino 
group in the wiete-positions is harmless. This does not, however, 
agree with clinical experience. To quote only one instance, 
Beumier and P. Clapier*® have successfully treated 16 cases of 
yaws with p-hydroxy-m-aminophenylarsinic acid but only at the 
cost of very grave disturbances of vision. 

A very suggestive communication has appeared on the mechanism 
M the action of arsenic on protoplasm. It -will be recalled that 
D. Voegtlin and his co-workers have previously*® put forward very 
strong evidence in support of the view that the real toxic and 
ictive constituent in the aromatic arsenicals is the oxide form 
RAsO, which can be produced in vilro or in vivo by reduction of the 
irsinic acids or oxidation of the arseno compounds. C. Voegtlin, 
3. S. Leonard, and H. A. Dyer*** have now found that sulphur 
jompounds, such as glutathione, thioglycollic acid, thiolactic acid, 
ind others, counteract the toxic action of 3-amir.o-4-hydroxyphenyl- 
Hgine oxide on trypanosomes In vivo in rats or tn vitro. The theory 
IS therefore advanced that arsenic in the form -AsO is a specific 
poison for the-SH group of glutathione or other possible-SH com¬ 
pounds in protopla.sm. In other words, the death of the cell is duo to 
nterference with the oxidative procasses governed by glutathione,' 

' RAK()-f2HSR‘ RA's(SR'),-|-H,0 
The condition, as laid down by Ehrlich, which a successful 
ihemotherapeutic reagent should fulfil, is that it should have a 
maximum lethal actit/n on the parasite and a minimum lethal 
action on the tissues of tht host. This can be reconciled with the 
view put lorward by thf American workers bjr assuming that 
although the arsine^ oxide combines with the thiol groups of g).ota- 
thione contained ig the trypanosonjes and in the tissues of the 
best, the possibility of renewal and recuperation Is more limited in 
the case of the trypanosome than in the case of the cells of the host. 
New arsenical medicaments which have attracted attention are 
neosilver aalvarsan and salvarsan glucoside. The former was 
introduced by W. Kolle,'™ an8 is prepared by mixing silver salvarsan 

** E. ttfarehoui, BnM. Inst. Faateur. 1923, 21, 525. 

”.r. Pkdrm. Exp. Ther., 1923, 21, 197. 

’‘ffrop. Din. Butt.. 1923, 20. 181. 

’• 0, Voegtlin and H, W. Smith, J^Pharm^Exp. 3’A«f.ftl»20,'15,476 
V. ar Pvhlk, Health Rep., 1923, 88, 1882. 

^ Dmt. imd. Wnrh.. loee aa n 
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with neosalvarsan, when a prodvfct is^obtained which, unlike the 
reactants, is 8ta1|id«ot to increase in fbxicity on exposure to air 
and gives nS precipitate on passing carbon dioxida This latter 
property is probably a colloidal phenomenon qf mutual protection, 
analogous to wie protection of silver chloride and silver oxide by 
salvarsan, recently sho'.vn by W. H. Gray'® to be a largely pre¬ 
dominating 'ictor in tfie cgnstitution of silyer and sodium silver 
salvarsan. Kblle’s product is said to be as good as silver salvarsan, 
but has only one half the toxir tv. It has been tried clinically hi 
an immense number of cases W.th, on the whole, favourable results. 
Salvarsan glucosidt, di‘' > vercd by L. Anderson'® in Kngland and 
marketed by a British tii in, has also been described independently 
in greater detail by A. Aubry and E. Dormoy’®' in France., It is 
recorded by these latter workers as a yellow powder, soluble in 
water with slow h' 'holysis, as is shown by a fall in its optical 
rotation. It is stabilised by excess of glucose, probably a mass 
effect, and according to A. Luguet'®® and to Anderson has only one- 
half the toxicity of neosalvarsan when administered intravenously 
to mice. 

Aliphatic arsenicals have not hitherto attained the marked 
success of the aromatic derivatives. Numerous workers are, how¬ 
ever, now developing the aliphatic field. Arsenoacetic acid, 
-■VsOaHj-CH j-COOH is the subject matter of a jiatent'®* in the 
United States, whilst the reduction product, arsinoacetic acid, 
OOOHCHj-As: As-CHj-COOH, has been described recently by 
C. S. Palmer.'®’ Some allied products have been patented by 
Poulenc Freres and C. Oechslin'®* in As 03 H 2 -CH 2 -CH 20 H and 
similar substances, but in none of tljpse cases hnvc 'herapentic 
results been given. Allyl arsenate, ; GH-CHj-AsOJHj,has been 
shown by H. Ritz'®*to give good results in experimental fVypailo- 
somiasis in small animals comjiarable with those obtained with 
arsenious oxide. 

Antimony Compounds. —Compounds‘of antimony, particularly 
tartar emeti/S, dre imjxirtant mcdican^nts,in*thc treatment of 
tropical diseases. During the jiast year a ihimber of cases are 
recorded of the cure of uloejating granuloma.by tartar emetic.*'® 
L. G. Rowntree and_ .1. .1. Abel’" tried an analogous colhpoundi 

Chem. Soc.. Tmwt., 1923 , 123, « 3 ,); . 7 ., 1923 , 473 a . 
ami M., 1933 , 55 , 345 . 

“* Complex rend., 1922, 176, 819 ; J. Chem. Soc., 1923, i., 71. 

Cmpua rend. § 00 . BMe, 1922 , 87, 1020 . 

Bayer und Co., U.S.P.»1,443,«85 ; J., 1923, 518a. 

J. Amer. Chem. Soc., 1923 , 46, 3023 . * 

“*B.P.J9I,028i J., 1923 , 801 a . 

Arch, intern. FhartnModt/n., 1922, 27, -37. 

R. Ondtiito, !trop. Bte. 20, 280; B. B. Be^non, 280 ; 

H. GoodmM, ibid., 287 ; K. M. Lynch, 287. ^ 
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sodium antimony thioglyooUate,' and the-triamide of the corres* 
^ponding acid in experimeital trypanosomiasis aijd foimd them as 
efficient as other antimonials. A. Bandall“* has recently tried 
these two compounds for ulceiating granuloma Tfith brilliantly 
curative results, the claim being made that in contrsist to tartar 
embtic there was no toidc effect. Numerous attempts have been 
made to eliminate or to reduce the toxicity of tartar emetic liy the 
preparation of other salts instead of the potassium'-salt.'" Such a 
procedure does not seem likely to have any permanent success. 
Of the numerous salts prepared by R; G. Fargher and W. H. Gray,”* 
(juimne antimonyl tartrate had the least immediate toxicity, being 
five times less toxic to mice than tartar emetic. U. N. Brah- 
raaohari”* has also more recently prepared a large number of such 
antimony compounds with a view to their use in kala-azar infections, 
and also finds quinine antimonyl tartrate to be one of the least 
toxic. Where tartar emetic has been used with more or less 
success attempts have been made to use aromatic antimonials such 
as stibenyl, the sodium salt of p-acetylaminophenylstibinate (I). 

NHAo;(^ ^SbO(OH)j NKj-^^SbOlOH), 

. I. 11, 

In the treatment of kala-azar there are a number of adverse 
reports on its use”* and an equal number of very favourable ones.”* 
Birahmachari has used'^’the urea salt of the free base p-aminophenyl- 
stibinic acid (II) with success, and this is confirmed by H. E. 
Shortt and R. T. Sen,”* who found that intravenous administration 
cured all cases of kala-azar treated by them. 

The antimony analogue (I) of salvarsan has previously bean 
describfd.”^ The mixed arsenic-antimony analogue (II) has now 
been prepared and patented by C. N. Myers,”* and is said to be of 
therapeutic value. It is prepared by reduction of an equimoleoular 
mixture of 3-amino-4-hydroxyphenylarsinic acid and 3-amino-4- 
hydroxyphenylstibinic aciA. 

H,N_ *' ^ « Nl'l, H,N ' ' NH, 

■ OH<^^Sb=Sb/^OH OH/^Sb=-A.s<;^OH 
I. _ii; 

Vrolom, 1923, 9, 191 ; Chem. Abut., 1923, 17, 3389. 
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To complete thd analogy witl» neo^alvarean, the corresponding ‘ 
Bulphosylic Mid .derivative has also beA prepared. 

Antiseptics. 

Bayer 205.—^In a previous Report'“tlje subject of Bayer i06, 
the ilew trypanocidc, ■fi'as treated at some length. It had proved 
remarkably ourative on experimental trypanosomiasis in small 
animals and was on its trial ior human trypanosomiasis. Its exact 
chemical composition is still .aiknown, although what was written 
in a former report as to its probable nature still holds good. Much 
valuable evidence has leen accumulated of its trypanocidal action 
during the past two years. Its chemical development took fourteen 
years,and its discovery is due to the chemists Kothe, I&essel, 
and Orsenbeck, whilst its chemotherapy was initially due to 
Rbhl.*“ Its chemotherapeutic index, I, which is the ratio of its 
curative dose, C, to its maximum tolerated dose, T, on small 
animals is 1/160, whereas that of atoxyl is about 1/2. Unlike some 
other effective tryi«nocidal agents, the disappearance of the try¬ 
panosomes from the circulating blood is somewhat tardy, and 
microscopical examination of affected trypanosomes is said to 
show that the action of Bayer 205 is mainly to influence the 
process of division and thus to inhibit their multiplication. It is 
a remarkable substance because of the long time over which it 
remains active in the body. The serum of a goat, which had 
been treated orally with Bayer 205, cured mice infected- with 
T. brumi, equinmn, or equiperdmn three weeks after the last 
oral administration.'*^ It slowly passes into the uri’ e and is still 
curative.'*® Exjieriments made on thi? distribution af Bayer 206 
in the blood show that it is non-ultrafiltrable, but is aesociated 
with the albumin fraction of the serum proteins.'** The case pf 
a rabbit is recorded which after an injection of Bayer 205 re¬ 
mained for five months protected agaunst repeated injections with 
T. eguiperdtfm.^ 

f)n domestic animals and beasts of burden its action taries. 
Mai de Cadcras, a trypanosopie infection of hoi^s in South Amerfba, 
has been successfully treated with Bayer 205 by E. Migone.ilpd 
T. Osuna,'** who also cured a monkey with a dose of 0-02 

^ Ann. Repta.t 1921, 6, 551. 

1922, IOr. 

™ Deut. med. 19»2, 48, 1335. 

“• M. Mayer, Arch. ScUff». Trap. Hyg., 1922, 26, 33l 
' “‘M. VayerandW. Menk, tMd., 1921 25,376. 

'“M. Mayer, B. Zeise, Giemsa, and Halb rkann, ibU., U22, 'ijt, 
140. ^ 

“S.8ei,aid., 1923,27,384. 

»• Trip. 1J23,20, 826. 
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In the Malay States epidenjics od surra are the bane of the horse 
and cattle breeders. G. Baermann*** has cured horses in 50-75% 
of the cases treated, but E. Bodenwaldt and J. IWiuwes**'’ have 
met with less snee^^ in the Butch East Indies. They find it 
curative only in very early cases and attribute its lack of greater 
success to the close prepdmity of the toxic dose for the trypano¬ 
somes and for the horse. F. K. Kleine and 'N. Fischer”* have'tried 
it on infected cattle in South Africa, but without suctess. ‘On man 
J.he results ore much more favourable. M. Mayer and W. Menk*“ 
in Hamburg record the cure of a case of infection with T. garMense, 
whilst G. C. Low and Manson-Bahr*” in this country record the 
cure of 7 cases out of 9 of infections with T. gattibiense. A case of 
infeetjon with T. rhodesiense improved but was not cured. The 
German expedition headed by Kleine and Fischer, under the 
auspices of the British Colonial Office, has returned to Europe with 
claims of many successes*^^; 230 patients were treated in South 
Africa and cured by four injections, each of one gram, of Bayer 20.5 
when the central nervous system was not affected, but when the 
central nervous system was affected, a longer course was necessary. 
The striking nature of the cures effected leads these authors to 
describe them as almost “ biblical cures.” The complete banish- 
ilient of sleeping sickness is, however, not solely a question of cure 
or prophylaxis, but is mainly one of organisation where sanitary 
measures run parallel. Finally, its curative action is not confined 
to trypanosomiasis, as a rapid cure of kala-assar is recorded by 
W. Yorke.*®® 

Other Antiseptics. —A number of acridine dyes have been 
examined in their actioiv on experimental tuberculosis in tip? 
guinea-pig &nd rabbit, by M. I. Smith.*®* The series included 
acridine', Acriflavinc, I roflavine. Acridine Yellow, 2.7-dimethyl-3.6- 
<3iamino-10-methylacridinium chloride, and Acridine Orange, as 
well as the silver compounds of Acriflavine and Proflavine. All 
inhibited very powerfully the growth of tubercle bacilli in vitro, but 
in vivo they had ro qffect^ 

, J. B. Cohen, C. H*. Browning, and collaborators*®’ are continuing 
their investigition of antiseptics and'describe an interesting series 
ofestyrylpyridines and substituted styrylquinolines prepai’ed by 

Trap. DU Bull., 326. 

'“Are*. Sckijfa. Trap. Hyg., 1923, 27, 305. 

'^Deta. med. Week., 1922, 4ft 1693 ; 49,1039 ; Bril. Mai. J.'i 1923, 2, 
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condensation of p-dimethylamiiiobenjaldehyde with quaternary 
salts of<qainaldiqe8<and lepidines. 



For Staphfiococeua aureva the sterilising concentration of the 
series lay between 1 in 200,(X>0 "nd 1 in 1,000,000 in peptone watc» 
and in serum. On B. coli the most effective was p-dimethylaminin- 
styryl-6-mcthylqnlnoli"‘’ methiodide. Some of these were tried on 
trypanosomiasis in mice, but unsuccessfully. 

An interesting phenomenon is being studied by J* W. 
Churchman,*^* who found some time ago that Gentian Violet has a 
selective toxicity bu Gram positive organisn's. It is now shown 
that Acid Fuchsin has the opposite effect, sparing Gram positive 
but killing Oram negative organisms. Acriflavine has a similar 
action to Acid Fuchsin. A mixture of Acriflavine and Gentian 
Violet is effective in inhibiting the growth of bacteria at a dilution 
weaker than that in which either alone would be effective. 

J. Exp. Med., 1923, 37,1; 88,1. 
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EXPLOSR 

By John Weir, M,A., B.Sc., Ri.D., F.I.C., 

Nobd’s Explosives Co., Ltd., Ardeer .'' " 

fjo outstanding advance in the manufacture or application of 
explosives falls to be recorded in the period under review, although 
the activities shown in certain directions are of considerable 
interest. 

Ammonium Nitrate. 

The explosion at Oppau Factory in September, 1921, caused 
considerable uneasiness among those interested in the storage 
and use of ammonium nitrate, and started a number of investiga¬ 
tions as to the explosibihty of ammonium nitrate alone and when 
mixed with other salts in fertiliser products. At an early stage 
of the inquiry the evidence indicate that the cause lay in the 
use of explosive for breaking up caked masses of the ammonium 
sulpho-nitrate, and not to any spontaneous decomposition of the 
material. 

.The explosibihty of ammonium nitrate under ccrtahi conditions 
had been known for many years, but the strength of the initiation 
required to produce detonation was so great that ammonium 
nitate was regarded and treated as a non-explosive. Various 
explosions which occurred (luring and after the war demonstrated 
that detonation of high explosives in contact with, or in the 
immediate vicinity of, ammonium nitrate could cause detonation. 

“Early in 1922 C. E. Munroe* published the results of an 
investigation of the "fexplosibiUty of ammonium nitrate alone 
a^d mixed with ammoniu'fn sulphate. It was found extremely 
difficult to detontste ,a nj’xture of ammonium nitrate with as 
httle as 20% of amtnonium sulphate, even with 100 g. of blasting 
gelatin as primer, bqt 50 g. of the latter was sufficient to detonate 
aqwionitim nitrate alone. The explosibihty^ increased with rise 
of temperature until at about 100° C. ammonium nitrate could 
W exploded with three No. 8 detonators. The propagation of 
such an explosion only takes place if the train of ammonium 
nitrate is of considerable cross-section, and ie easily stopped by 
even a short gap in the train of material. Further work carried 
out by the'^ U.S. Bureau of Mines indicates that ammonium nitrate 
becomes insensitive to detonation when pressed to densities 
above 1-1 ^1'3, according to the degree of oonfinehient. 

> CAon. and Met. Eng., 1922, S6,686; J., 192|, 349a. 
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Before the Commit^ of the Bejphstag P. Wohler* reported 
that eiperts had been unable to bring about detonation of the 
fertiliser sails containing ammonium nitrate, and that nothing 
before or after the explosion had indicated ai^ danger of elplosion 
from them even in a state of fine division. 

R. Escales* has suggested that some di the caked mass of* the 
mix^ sa\*,may have*contained a higher^proportion of nitrate 
than cflrresjfended \rith the 60% mixture which would render 
the product more sensitive. ^ 

At the request ot the l)uv«,h Government, A. J. de Weduwen* 
carried out experiments to eonfirm the statement that the mixture 
of equal parts r.f auunonium nitrate and sulphate cannot be 
detonated. It was found that an initiating charge of 6<J g. of 
trotyl was sufficient to effect detonation, but that a mixture 
containing only of nitrate was very difficult to detonate 
completely. 

These investigations have led to special regulations prohibiting 
the breaking up by explosives of set masses containing ammonium 
nitrate, but the National Research Council, Washington,® has 
decided that ammonium nitrate when stored by itself in wooden 
receptacles, and apart from explosive substances, is, for trans¬ 
portation and storage, not an explosive. * 

H. Kast,® in a comparison of the velocity of detonation of 
ammonium nitrate and ammonium perchlorate, states that the 
results obtained with the former are much below the theoretical 
value. He affirms that even with powerful initiation it does not 
detonate properly, but only decomposes explosively, and while 
obtaining values of 1200-2000 metres per sec. ^Ijy experiment, 
he places the true value at 2800 to metres per see., accord¬ 
ing to the density. 

Gunpowdeb. 

There is little of real interest to reo(jrd regarding the gunpowder 
industry, which has been built up largely on empirical lines. • 
The use of sodium nitrate in place #f p<»t^Slum nitrate is well 
estiiblished, and as long as an appreciable difference in p^cb 
obtains between.these two* substances, the •cheaper soffium ^t 
will continue in us« ' 

A. Junk’ has carried out a searching investigation of the purity 
of synthetically prephred potassium nitrate, with a view to 
decide Whether or not thp increase, in the number of explosions 

• Chm. Trade J., 1922, 71, 443. 

.*Oa«ia.-£ei(., 1921, U, 1221. 

‘3S. get. Sohieti- ». Sprengeloff 0 ., 1923, U. 23. 
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experienced in black powder marufacture jn Gtermany during the 
war, could possibly be explained by the usq. of this quality of 
nitrate in place of that usually produced from Chile Saltpetre. It 
seems that early in the war, when supplies of the Chile salt failed, 
the necessary potassium nitrate was made to a limited extent 
from Norwegian caloiunv nitrate and potassium carbonate. Later, 
at one factory, synthetic nitric acid was neutralised with cAustic 
potash produced electrolytically. The main process, however, 
which is also in use now, entailed the production of sodium nitrate 
from electrolytic caustic soda and synthetic nitric acid, and the 
subsequent double decomposition with potassium chloride in the 
usual way. Junk found that the potassium nitrate prepared 
by the use of synthetic nitric acid is actually purer than that 
obtained from Chile saltpetre. In connexion with the explosions 
referred to, no suspicion could fall on the new type of potassium 
nitrate. 

A new development in the method of firing black powder is 
described by T. W. Bacchus.® A length of cordeau detonant is 
placed along the charge of black powder and ignites it at a rate 
higher than that of many dynamites. Field trials show that in 
this way black powder may be used in quarry blasting instead of 
30%, 35%, and even 45% dynamites, and in place of ammonium 
nitrate dynamites, with a saving of 30% in cost. A patent has 
been applied for. 

' Niteoglycemn. 

Two historical accounts of the manufacture of nitroglycerin 
have been given by E. Naoum,® in which he describes the iirogress 
of the industry .from time pf its birth up till the present day. If 
particular he advocates the use of underground buildings, formed 
after the manner of a tunnel, as opposed to the normal practice of 
ucing buildings surrounded by large earth moulds. He maintains 
that actual experiences has shown that these buildings are very 
efficient in localising the efSects, should an explosion occur; also 
they offered greater protection from lightning and fire. With 
this type of building it is necessary to perform the nitration, 
serration, and washing of the product in the same building, and 
th^pefore'each unit must be a small one. A small unit is useful in 
^he sense that, should an explosion occur, the loss of output is 
rfmaU; but, on the other hand, since thejiumber of small unibi 
must necessarily be greater, the risk of explosion is correspondingly 
increased. Again, the cost of manufacture tends to be very much 
higher with the sipall-unil type of plant.' 

Most ex^osives factories have, on occasions, experienced trouble 
due to,the nitroglycerin failing to pass the Abel heat test, and 

* Ezphai^ Engineer, 1923, 33. ^ 

• Z. an«ew. Chm., 1922, 85, 461 ; 1923, 86,67. 
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although suggestions ta.acc(4tat«for ^his have been made from 
time toi;ime, the natter has never bees properly elucidated. In 
an interesting pa^r F. AT F. Crawford “ has now sljown that the 
low heat tests are due to an impurity in the nitric acid uSed for 
nitration purposes. The impurity was isolated as an oil from the 
nitric acid, and was shown to be compos^ of tetranitromethane, 
mottofthl.orotrinj^roinethane, dichlorodinitromethanc, with possibly 
a trace of chlCfcopicrin This oil was present fo the extent of about 
0-005% of the nitric acid. One part of this oil in 20,000 parts of 
nitroglycerin lowered the iu.t test from 16 to 5 min. The 
ingredients of the oil which were active in lowering the heat test 
were tetranitromethane nd monochlorotrinitromethane, the latter 
causing most trouble in manufacture, owing to the difficulty of 
washing it out of the nitroglycerin by the usual process. The 
formation of this oilv impurity is due to the presence of chlorides 
and organic matter m the sodium nitrate used for the manufacture 
of the nitric acid, and traces of chloronitromcthanes are probably 
present in most samples of commercial nitric acid. In a previous 
report, it was mentioned that E. A. White** considered that the 
low heat tests of nitroglycerin were caused by iodine in the mixed 
acid, but no direct evidence was published to prove that it was the 
iodine and not other substances which caused the lowering of th* 
heat test. It may be mentioned that iodine is readily removed 
from nitroglycerin by the washing process, and is therefore not 
likely to cause heat-test trouble, and moreover low heat tests given 
by samples containing iodine can be readily distinguished from the 
normal low tests by the fact that the dry portion of the test paper 
also becomes discoloured. 

• ^ • 

F. Blechta*® has isolated trimcthylene-glycol freJm glycerin 

produced by the fermentation process, and has given particulars 
of the dinitratc, which was readily obtained. This substance ha* 
l)een known for a considerable time. It IS a mobile liquid re¬ 
sembling nitroglycerin in sensitiveness and power, and, unlike 
nitroglycerin," it has the very useful property **o* freezii^ at 
temperatures as low as -20° C. Particular caft is required in th 
nitration of trimethylene-glyqpl, and Blechta b^mes this substan6 
for several mishaps lyhich occurred during nitration of fetmentj 
tion glycerin in the war period. Trimethylene- and ethylene 
glycol dinitrates together vrith the nitration products froi 
ethylene** and ethylene oxide•* are all open to the sam 
objections, namely, <they ar« more volatile than nitroglycerin, an 

'• J.. 1»22, 321t. 

** Ann. Jtepla., 1920, 5, 535. J. S. Afr. Assoc. AntU. Chem., 1919, 2, 1 
J., 1919, I95v . . • • 
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at present they can hardly be produced at a price which can com¬ 
pare favourably with that* of nitroglycerin. , 

There has .been a discussion on the'explosioh peint of nitro- 
glycerih, and it has been shown by H.Staudinger*® that the results 
_ may vary greatly according to the method employfed. A. StetU 
baAer*® suggests that the purity of the substance may have a 
considerable effect. H. Kast” in an interesting article exjilains 
clearly why differences must necessarily occur erith idifferent 
methods. Kast points out the distinction between “ Enteundungs 
Temperatur ” or explosion point, ..meaning the temperature at 
which an explosion occurs when the substance is heated, as 
opposed to the “Detonation Temperature” or the temperature to 
which the products of decomposition are raised by the explosive 
reaction. These expressions are frequently loosely applied, and 
it would be advisable if these definitions were adhered to. 

Nitrocellulosk. 

There is nothing which calls for comment in connexion with the 
development of nitrocellulose for explosives. The main outlet 
for this material is for propellant powders, for which there has 
naturally been little demand during the past few years. What 
demand there was has probably been met to a great extent from 
war stock's. This may explain the dearth of developments in 
tljis field. 

Propellant Powders. 

During the period under review no outstanding advance is to be 
recorded in the general manufacture of propellant powders, 
possibly due to a great e-tent to the reason referred to abov^. 
Purtherj in view of the fact that general investigations in con¬ 
nexion with military propellants are mostly confined to the military 
fetablishments of the various Powers, it is not to be wondered 
that so little informilion becomes public : on the other hand, 
the manufacture of propefiants for sporting purposes has reached 
a stereotyped coiiditijn ir which any radical change is governed 
. by the difficulties iA effecting cheaper production by utilisation of 
any other thdn existing processes and products., 
cThe question of components used has reeeived a considerable 
•gimount of attention, however, and in this connexion reference 
may be made to the development of the streamline bullet, both ai 
this country and in America, and the considerable amount 
literature that has sprung up around Ibis subject. 

Internal, ballistics, that happy hunting ground of the tiiefrists 

“G.P. 376,000; 1923, 954a. 

“i. <mgm. Ohem., 1922, 35, 657. 
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and mathematicians, has had it^fair #hare of attention. Special 
mention might be, made of an inteibsting paper by J. B. 
Henderson aBd . R. Hass6.** While the authors avoid arj)itrary 
assumptions as to the relation between pressure and volume behind 
the projectile m the gun, application is made to the problems of 
internal ballistics of recent advances insthe thermodynamics of 
dissoUiatior and in th# thijrmodynamics o^the variation of the 
specific -heats* of gases with '•einperature. The whole indicator 
diagram of the gun can no-' be calculated from the chemical 
composition of the propellant combined with a table of heats of 
formation from the eteoents of the propellant and its products, 
and one set of laboratory experiments to determine the rate of 
burning of the propellant and its variation with pressure. •Data 
are given for cordite Mk. I and cordite M.D. The complete theory 
was put to seven' test d\iring the war wi'b very satisfactory 
agreement between theory and practice. 

On the subject of the ballistics of shot-gun powders an admirable 
series of articles has appeared in The FieldP These give a com¬ 
prehensive survey of the functioning of shot-gun powders and 
components, and afford an instructive insight into a subject about 
which very little appears in the general literature of ballistics. 

Manufacture. 

M. F. Chasc,“ in an article describing the design, construction 
and operation of the U.S. Government Explosives plant in 
Vancouver, tabulates the operations for producing 625,0t'0 lb. of 
nitrocellulose powder per 24 hours. ^JJhe article canUins, .among 
other points, an account of the purification and nitration of the 
cellulose used, and a short sketch of the powder plant. 

A series of articles appeared in the Jj^hnorial des Poudrifi 
embracing certain features of nitroceliplose powder production. 
One of these articles “ describes certain modific^ons which' have 
been made in powder presses for the pu^s^cjf eliminating waste 
and "improving the quality of the product. In connexion with 
the question of pressing, Ab’der Halden^ gibes an aoceunt of 
an investigation of the relations existing between the plasticity <S 
“ poudre B ” paste, its content of nitrocellulose, soluble and* 
insoluble in ether-aloohdl, and the quantity of solvent used in 
producing it. It is statec^ that fos any given percentage of. 
soluble nitrocellulosl a minimum quantity of solvent must be 

’•Pr*. Buy. 8oc., 1922, A 100, 461 ; J., 1922, 199a. 

>• JmW, 1923, id, 900, 926, 992 j 142, 8, 196, 203, 269, 2t4. 

”J. m. th/g-.Ohem., 1922, 14^ 260. 

Him. Poudres, 1922, 20. 164. 

■JMil, m2, 2fi, 164;.;., 1923, 204a. 



Si6 BEPOBTS or |TB3 PBOOBES8 Oil APPLIED oismSTBy. 

used to obtain a satisfactory plasticity.' Above this minimum 
increase in plasticity is pibportional to (quantity of solvent. The 
plastioijy of & paste considered as a function of the quantity of 
solvent present is spid to incre&se more rapidly tfie greater the 
percentage solubility of the nitrocellulose. It may be remarked 
here that a great deal cf valuable information would be likely to 
be gained by a thorovgh investigation, of tlie extrusion of plasties. 
The very interesting work that is being carried out*in th^ United 
States on the plasticity of clays would appear to have a con¬ 
siderable bearing on the extrusion' factors arising in the manu¬ 
facture of, in particular, powders, both of the single and double 
base type. In a further article dealing with the manufacture of 
“ poudre B it is stated that the viscosity of the powder paste 
must lie within certain limits in order that the subsequent pressing 
may prove satisfactory. A suitable measure of the viscosity has 
been found in the coefficient of plasticity, which is defined as the 
distance in mm. to which a cylinder of 10 mm. diameter sinks in 
1 minute under a load of 2 kg, into a compact block of paste. An 
apparatus for this determination is described. Experiments are 
tabulated showing the satisfactory control of mixing for “ poudre 
P ” before pressing. 

With regard to the question of drying powder, Q. Weissen- 
berger*‘ gives data for the time of drying, maximum air torapera- 
tnre, and weight of recovered solvent, in the case of the manufacture 
of the Austrian powders, M.93, M.93a, and M.12. The solvent 
employed in the first two cases is a mixture of acetone and alcohol, 
and in the third case a mixture of acetone and ether. 

L. Butin?® describes aViethod for the economy of steam ahd 
time in the drying of nitrocellulose powder which has been sub¬ 
jected to the ordinary warm water soaking process subsequent 
to solvent recovery.,, The material is loaded into a hexagonal 
rotating drum, direct frqm the water steeping. The drum is 
fitted' with grid-like sides, and when loaded with the warm wot 
powder it is rota1;pA, tHe heat contained in the powder being 
thus utilised ^or the drying of the grain. 

J!n o-onnexion with the surface moderation of powders, H. 
Marqueyrol*® describes an investigation deSling with gelatinisers 
■and their most important properties. A list is given of gelatiniser 
patents which have appeared since 1900, and the gelatinisation of 
certain nitrocottons by alcoholic solutions qf various''tjipes of 
gelatinisers, including * substituted ifteas, esters, and cyclic 
ketones. Is «described. , 

» mm. Pott /ret, 1922, 00, U6 j J., 192^ 204a. . 

Zp jSchiess. u. Sprengstoffw.f ^921, X6, 109, 179 J., 1^22, 80a. 

« Ufm/Poudrea, 1922, 20, 345 ; J., 1923, 204a. 4 

« Ibid., 1921, 19, 150 ; J., 1922, 349a. • ' -• 
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Powder Form an<l Ohltr^terisfica. 

Much of tfee Tfort published in this connexion 4eals with a 
comparison of the double-base pfjwdors, that is containing both 
nitroglycerin and nitrocellulose, with the single-base or pure 
nitrocellulose typo. Generally speaking, ,it may be said tllat 
investigators’ are strivkg to impr-^ve the double-base powders 
from the pdmt^of view of erdsion and nmzzle’flash, and the single¬ 
base powders from the point of view of ballistic stability under^ 
moist climatic conditions, i.- this connexion the papers by 
J. R. Mattcm,^’ L. 0. Weldin,^® R. Ghcvereau,^® and T.L.David®* 
may be consulted. 

Numerous references have appeared during the period lender 
review to the development in the United States of a smokeless, 
flashless, non-hygrosenpic powder.** It is stated that satisfactory 
powders of this nature have been produced for 4-in. Stokes mortar 
and for 7.5-nini. field gun. For the former the powder is a thin 
perforated disc which requires no bag or container to prepare it 
for firing : the 75-inm. powder is in the form of thin strips, making 
it easy to handle or load. The method of manufacture is briefly 
outlined. The powder can be fired within 48 hours of the time of 
mixing, but most uniform ballistics are obtained after 2 -3 days’* 
ageing. Though not quite smokeless, it is said to produce no 
more smoke than the present service powdeis. A similar powdef 
is being developed for the 155-mm. Howitzer; it is said to contain 
a small percentage of nitroglycerin. In the supplementary 
volumes of the Kncyclopuidia Britannica** the composition of 
an American flameless propellant is given as of nitro- 

cefluloso, 25-28% of nitroglycerin, 5-^% of diethyl* phthalate, 
3-5% of neutral potassium tartrate, and mineral jelly up to 5%. 
In the same article it is stated that the stabiliser found in* 
powder used in German 77-mm. field guns *18 dimethyldiphenyi- 
thiourea. • 

It will be rentfembored that in prevjpus'^eans reference was 
made to the introduction of tin or tin oxide iiAo powders for the 
reduction of metallic fouling ig rifles. Experin\pntal trials of suefi 
powders were madd in Kngland without very much success being 
attained, and it is interesting to note that apparently the use of ^ 
such powders in the Unijed States is being abandoned,** it being 
now consi^rcd.more advisable to use a snecial alloy for the jacket 

” Arms and the Mtn, 192J,*460. 

’‘Army Ordnance, 1923, 342. 

M(%n- Potidres, 1922, 20, 168, J., 1923, 204a. 

“ Army ^Ordnance, 1921, July and Augu-fc. 

“ Ibid.„ 2#2, 320.* Vhem-and Met. Eng., 1922, CO,. Tmes 
June 23, 1923. ' ’ ' 

“Lt.-OokF. M. Richard, vol. 32, p. 196. 

» Arma and the'Man, ^pril, 1922. 
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of tho bullet. T. Whele^i,**^ in'an article on the qualities desired 
in bullets, says that transferring the ti» as a"conting to the bullel 
jacket gave good accuracy, but that subsequently the top of the 
rifle lands was foufid to have been badly eroded b^ the tin. This 
issmuch in accordance with British experience. He also corrobo¬ 
rates the statement that introduction of,tin or tin alloy into the 
powder is not a suedfess. ‘ ^ 

In the realm of shot-gun powders, a great deaf of prominence 
'^has been given to the use of du Pont No. 93 powder for game 
cartridges equivalent to tho Britisii 12-bore 2|-in., and the small 
bores.®* The powder is a nitrocellulose powder surface-mode¬ 
rated to give the progressive burning action desirable for these 
csirtHdges, and may be regarded as a new type for this purpose. 
Powders giving the same effect have been developed in France, 
though they differ in nature from the American powder. The 
patterns given by tho American powder in what are known aa 
Super X cartridges are very good, but tho powder is not adapted 
for existing standard British 12-bore 2J-in. cartridges which 
form by far the greater bulk of the cartridges loaded in Great 
Britain. 

'■ Experiments have also been carried out in France with the 
well-kno-wn French shotgun powder “ poudro T.” This powder, 
with a slight alteration in the granulation, has been found to give 
more constant loads, a defect from which the older powder 
suffered. 

Stability. 

The questipn of testing the stability of powders seems a matter 
of perennial investigation, but a sure and rapid test as to hov^ 
a powder will behave under varied chmatic conditions is still 
' awaited. In fact, from the nature of the problem it is very doubtful 
that such a test which will be generally applicable will ever be 
devised. Still the search goes on, but it may be said generally 
that unless the*test "res^ilts are correlated with thb behaviour of 
the powder undeif various service conditions, these results are of 
little value.* . , 

,« M. Briotet®’ states that the mode of action of the quartz mercury 
lamp is distinct from that of the naturaragents at work during 
ordinary storage. Further, considerq.ble chemical variations 
follow slight modifications of the causative factors, there is 
no suitable method of measuring the radijting power. • Under 

.the eon^tions .adopted by Berthelot* which appear difficult to 

• 

Field and Stream, July, 1922. 

«C. Afikins, im., Sept., 1922. ,Arma »nd the Mob, J5e<v, 1881, and 
Jan. snd«;b., 1922. * .. , 

“M. PoroM, MSn. Poudree, 1922, 20, 300; J., 1923, 3*5a. 

® JMd., 1921, 18, 186 i J., 1922, 349 a. * 
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modify, exact meaeureigients*ara impossible, and the apparatus 
is condemned. The nature of the gJ^s obtained from various 
types of IVench powder is described. An invest^ation concerned 
with the inflammation temperature of powders is described by A. 
Koehler,®* Determinations carried out in aft, in vacuo, and in 
carbon dioxide, show that with rapid heating the atmosphere has 
no influence on the inflammation temperature. It is concluded 
that no,, uyf\j! purpose w'duld be served By storing B Powder 
in vacuo. 

J. D. Berkhout *® gives an ivoount of the methods employed uf 
the Artillery Laboratory, Hambnig, Holland, for determining the 
stability of smokeless powders. The test consists essentially of a 
determination of loss of weight in definite times at various tem¬ 
peratures, and a note of the time at wliich red fumes appeal. It 
thus bears a close resemblance to certain German tests. 

Solvent Recovery. 

The question of solvent recovery plays such an important part 
in the economics of powder production that any development in 
connexion with the subject may be legitimately regarded as a fit 
subject for comment. It may be taken that the older methods of 
recovery such as scrubbing with water or bisulphite, refrigeration 
methods, or even the more recent sulphuric acid absorption 
process have become out of date, and that the methods of the 
future lie between the Bregeat cresol absorption process and the 
adsorption processes which employ activated charcoal or the 
various inorganic gels. Strong claims are put forward for both 
tfle cresol and the adsorption prooesjgs, and the relative merits 
are the subject of many and often contradictory remarks. In 
the explosives industry the Bregeat process established itasH very 
firmly during the war. Whether the rapid strides that are being 
made in the adsorptive quahties of chardbal will result in the 
displacement of the cresol process is aBnatter upon which no sure 
opinion can yet be given. 

An instructive and interesting article on* the technology of 
solvent recovery means of activated charcoal, as Carried out m 
the Bayer factories, is 'contributed by H. Carstens.** Thb artifle 
describe the entire process of solvent absorption, solvent recovery^" 
and charcoal regeneration. 

The raw materials to be used as sources for activated charcoa} 
have been the sublet of .comment,** an^ the lignites, anthrSoite, 
and cannel may bo employed under certain coniitions. 

•• M^’Pmdree, 1921, 19. 138 ; J., 1992, 348a. 

*’ Z. ges. sSc^ien- u. SpCengaUiShu., 1922, 17, 33 i J., 1922, SlOA 
. «0»em.-M(.,*1921, 46, 624; 7., 1921, «13 a. • 

. .$ ' 1922, 8, 241 ; E. E. SutoUfie, J., 1922, 202i. 
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An important feature of^the vse of absorbents, particularly in 
explosives manufacture, ia; of course, the flre^hazarf, and W. D. 
Milne“ discuses the question from this 'Jjoint of'Vicft. It is con¬ 
sidered' that no single feature is more likely to cause fire than 
generation of static electricity. ’’ 

T. W. Wild^’ gives ai^account of the methods of volatile solvent 
recovery used in cordite manufacture, iishtg sulphuric acid, \Vater, 
or cresol as absorbing media. The distillation eprocosscs are 
outlined and the factors governing efficiency are noted. 

Methods of recovery involving the use of water, sodium bisul¬ 
phite and heavy tar oils are described by P. Bra.sseur.^^ Particular 
attention is devoted to the absorbent action of sulphuric acid 
and cresol. The relative efficiencies of the various processes are 
discussed and curves are supplied showing the percentage of 
solvent vapour recovered by the absorbent from atmospheres 
containing various amounts of solvent vapour. The statement 
that adsorption yirocesses cannot compete with those utUisiug 
suitable absorbents seems scarcely established. Among the 
patents that may be referred to as covering the use of adsorbents 
for the recovery of solvent vapour are the projiosal by R. 
Lambort^^ to use iron oxide gel, and that of L. Hamon and T. H. 
Ejrrom** to treat peat, lignite, sawdust, and the like for conversion 
into charcoal for use in the recovery of solvent vapours. 

^E. R. Sutcliffe and H. S. Raper**’ have taken out a patent for 
the use of steam superheated to 300° C. for the recovery of solvent 
adsorbed by activated charcoal. 

High Explosives fob Military Purposes. 

In the realm of military nigh explosives no now products have 
come to* light during the jieriod under review. As in most branches 
«f the heavy chemical industry, development work follows the 
line of investigation efi the underlying principles of the processes 
of manufacture, or the intrbduction of refinements into the existing 
methods. This iS'supplefjiented to some extent "by‘the accumu¬ 
lation of data regalding the properties of the various products, 
bht in general over ,the whole subject a condition of relative stag- 
nf^ion fiiay be said to exist. 

Picric Acid. 

The manufacture of this explosive, despite the recognised 
advent of trinitrotoluene, still holds a firm position, particularly in 

“Chein^ Age (New York), 1923. 

•’Ibid., 1V23, 207. 

“Ped. Ind. Chim. BeUj., 1922, 155. 

“E.P. 188,786 ; J.; 1923, 39a. - 

“ E.P. •*97,071 ; J., 1023, 706a. 

• "E.?. 188,723 ; J., 1923, 83a. 
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France, has been inveetigated rfxirtljpr by M. Marqueyrol and 
P. Loriettc.** In previous years it v^ll be remembered that a 
high degree sulphonation of the phenol, prior <to conversion 
into picric acid, was recommended. The authors here further 
stress the point that the temperature of nitration be maintained 
sufficiently long at 110 ° to transform into picric acid all the dinitro- 
sulph'onate * , • , 

The nitrati»n of phenol has also been closely investigated by 
R. King,^° who has studied the nitration of various phenolsulj 
phonic acids and nitrophcncisulphonic acids. Ho comes to the 
conclusion that to obviate formation of oxalic acid and dinitro- 
phenol, the, latter of -.vhich shows great resistance to further 
nitration by diluted acids, it is essential to carry out the suljjhona- 
tion under conditions similar to those of Marqueyrol. 

The production of picric acid from various tree gums is an 
investigation which seems to recur at intervals. Most of such 
processes are, of course, uneconomic. W. R. Jewell“ describes 
methods for oxidising and nitrating grass tree gum, and for sepa¬ 
rating and purifying the picric acid so obtained. The highest 
yield obtained was from Xanthorrhm haslilis. 

The hygroscopicity of picric acid has been investigated b^ 
L. G. Mar.sh.“ He shows that the hygroscopicity is dependent on 
the purity of the material, or on the presence of water-soluble 
products. Material containing 0'05% SO 3 , as free sulphuric aqid 
or sulphate, in an atmosphere saturated at 32° C., increased in 
weight by almost 2% in 48 hours; material containing 0-16% 
SO 3 increased 5%. 

, T. S. Patterson® describes a raeth(M for the dsb-'minatiou of 
sulphuric acid in picric acid, based on the extractioft with water 
of a benzene solution of the material and titration of the'aqueous 
extract. • 

Tire use of chlorine or bleaching powd* for decolorisation of 
picric acid wash waters and efflueitt has been patented by 
J. Klemenz.® * 

, TrinitrotolneM and Amalci. 

R. Robertson^J describes* investigations a* WOblwich during 
the war, which led to Improvements in manufacture and*purift»a- 
tion of trinitrotoluene. Points dealt with are methods of nitrating* 
mononitrotoluene ; purification of crude T.N.T. by washing or 
crystallising from alcohol and by treatment with sodium sulphite ; 

“ Mim. Pimrfres,*1921, Ig, 1. 

“Ohem. Soc. Trans., 1921, 119, 2105; J., 1922,* 120a 

“ Oiem, Eng. Min. Her., 1921,18, 322. 

“ J. Ind. Eng. Ohem., 1922, 14, 32 ; J., 1922. 541a. 

“J.,* 1923^^11. * • 

“ Q.P J47,011 and 348,068 ; J., 1922, 271a, 393a. 

“ C/iem. .4 j6,„1923, 461. 
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detoluation of waste acid; .deteimination-of the purity of T.N.T. 
from its setting point; tr 6 able causedimpfirities. It w stated 
that common'symmetrical T.N.T. has lower explosive power than 
some ol its isomeridfs, but it is laore stable. W. H. Gibson®' gives 
an account of the proportions of M.N.T., I>.N.Tf., and T.N.T. 
pr<Muced at each stage of nitration of toluene, and the behaviour 
of the crude T.N.T. ijnder various coijditiGns is investigated! As 
a factor of importance in connexion with manufacturing" control, 
p, special method is described for the analysis of M.N.T. based 
on the fusion curves of (o and p) and [m and p) M.N.T’s. Ternary 
setting point diagrams are also constructed for mixtures of 
2.3, 3.4, and 3.6 D.N.T's. Finally, the trinitration of M.N.T. was 
studied and a ternary fusion diagram for crude T.N.T. constructed. 
From this a curve is derived giving the change of crystallisation 
point during the nitration of toluene. The eutectic mixtures of 
the isomeric T.N.T’s. were determined and results were worked 
out to form a ternary fusion diagram. 

A great deal of controversy has ensued regarding the nature of 
the T.N.T. isomers occurring in T.N.T. oil. In this connexion 
reference may be made to the papers by M. Giua," 0. L. Brady,®’ 
M. Marqueyrol," and H. Brunswig.®® The latter states that the 
explosion temperatures with soda of the jS and 7 isomers are 
considerably less than in the case of the other isomers. 

,As bearing on the stability of T.N.T., reference may be made to 
tests carried out by the U.S. Bureau of Mines.*® It is stated that 
material stored for 6 years does not show appreciable deteriora¬ 
tion in stability, strength, or sensitiveness. 

A patent by ,C. M. StineJ® covers a method for purifying T.N.'IJ 
or trinitroxyiol by washing the crude product with carbon tetra¬ 
chloride.' 


‘ Tetryl {Trinitrophenylmethylnitroamine). 

A paper of importance qn the manufacture of tetryl is that of 
L. Desveignes.® A bibliography and summary of existii^ know¬ 
ledge of tetryl ma!ii^Sctu23 is given. Various methods of manu- 
^.ture are compared, and it is considered that the French method 
is the b^t. Ifhe effects of incubation'of tetryl at various tempera- 
tusfes are given ; data are recorded regarding sensitiveness to 
shock friction. A description is given of a continuous nitration 
apparatus for the production of tetiyl. ' 


*• Chem. Soc. Tram., 1922, 181, 273 ; J'.,’1922, 27k\. 
“ Oazzeila, 1921j 51, II., 113 ; J., 1921, 71*a. 

" Ohm»S)c. Tram,., 1922,121, 328 ; J., 1922, 393a. 

Povdra, 1{I21, 19, 66. 

“a angew. Chem., 1923, 86, 76. 


”0hem. 


. 428. 


»au. Age, 6, 

“,U.S.P.T460,676 j J., 1923, 623a. 

"Him. Poudres, 1922_, 20, 217 ; J., 1923, 2D5a. 
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W. L. Tanner*’ desoribes the methijd oi manufacture of tetryl 
employed at the^ Sigh Ejcplosives plait of the Bethlehem Steel 
Corporation.* The chief feature of the process is the rather high 
temperature o^ nitration. It is claimed that,with proper control 
crystallisation from a volatile solvent is not necessary to obtain 
material to pass the British Government specification, the 
recovery of oxides of nifrogt^n from the nitration and the treatment 
of spent* acid %re desc^bed. 

The utilisation of monon’i'thylaniline for the production oj 
tetryl has been investigated b/ T. J. Nolan and H. W. Clapham.*** 
The authors, cniployin>' methylphenylnitrosamine, have produced 
tetryl in a form which, u.'cn in the crude state, is free from m-nitro- 
tetryl. The nitration, which is carried out in sulphuric acid 
solution, is characterised by very smooth working and in this 
respect forms a ni irked contrast to previous efforts to obtain 
tetryl by direct nitration of monomcthylaniline. Also the use of 
methylphenylnitrosamine results in considerable economies in 
nitric acid consumption as compared with the standard method 
using dimethylanilhie. 

Miscdlanevus. 

A. Pomaski** describes the preparation of trinitro-m-xylend. 
He states that nitration can be carried out in one, two, or three 
stages. The three-stage process is the most economical and was in 
use in Prance, the two-stage process has not been applied in practice, 
and the one-stage process as worked out by Prof. Solonina was . 
in use at the Krotte Factory in Petrograd. The molecular ratios 
^d in the nitration are 6 of m-xylene, 22| of mtre acid, and 
• M of sulphuric acid, the dilution bein^0| of water." The xylene 
is added to the acid mixture, the temperature beiijg kept below* 
60° C. by cooling. Further details of the working up of th* 
product are given. A yield of about 75% is obtained. 

A. A. Drummond” describes the preparation of trinitrobenzene 
by the nitratlon'of dinitrobenzene und^ a^o^js conditions with 
a high temperature of nitration and a strong nitrating acid. A 
yield of only 29% of the theoretical was obtained,.and the prS-*" 
position is, of octurse,* not an economic one. This bears (jjt 
general experience on the nitration of dinitrobenzene. , 

L. Desvergnes” gives,a bibliography regarding the manufaoturef 
purificatigp, and military application of trinitroanisole and tri- 
nitrophenetole. D%ta are given regiftding sensitiveness to shook, 
velocity of detonation, pressure developed in bogib tests, priming 

‘*Cltm»(md Met Eng., 1923, 29. t04. 

^ Set. Proo. Rej/al Dulgn Sec., 1923,17,219 ; J, 1923, 1103a. 

« Pmm.'(3hem., 6, 330. 

"J., 11^2, 338i. 

. M Uim. PotiitsB, 1922s20. 269: J.. 1923, 206a. 
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power, etc. A discussion o:(Ali® decomposition of trinitrophenetole 
during its preparation from dinitropbenetole ,is included.o These 
explosives w<\re much employed by the' Germans, Hut their pro- 
ductioh never seems to have reached any dimensions in Great 
Britain; the substances are esters of picric acid, and as such are 
ratfier sensitive to hydr(^ysi3. A detailed description of the method 
of production of trinitrophenetole is givai by M. Marquejfe)!®’; 
this covers the production of the intermediate diaitrophenetole 
from dinitrochlorobenzene. 

A wide range of substances of possible interest as explosives, 
including hexanitrodiphonyl ether and hexanitrodiphenyl sulphide 
and sulphonc, have been investigated by C. F. Van Duin.®* The 
problem of stability to heat is discussed, and the various tests in 
vogue are criticised. Explosion temperature and sensitiveness to 
shock and friction are also studied. 

Justrow®" gives a theory for the construction of high explo¬ 
sives shell charges. In a further ])aper™ he supplies an expression 
by which the number of fragments into which a shell may burst 
may be calculated. The data required arc the explosive charge, 
the clastic limit of the shell materials, its extension, and the mean 
strength of the shell walls. The influence of the nature of the 
Explosive used is represented by a factor based on picric acid as 
standard." Factors are given for the various high explosives. 
The numbers are in about the correct proportions of brisance 
values, but may require modification as a result of suflicient 
practical testing. 

F. Olsen” discus.ses the properties required in boosters for high 
explosives shcjls; amonjj the boosters considered are cyclotij- 
methylenetrfnitroamine, he'xanitrodiphenylguanidino, and cyanuric 
triazide; 

I. Of practical interest is a paper by C. G. Storm,” who gives an 
account of an investigation regarding sympathetic detonation of 
high explosive shells loaded with T.N.T. and amatol, with a view 
of determining sife/ibn^tions for storage. It'waS found that 
detonation is trantmitted laterally to much greater distapoes 
‘\lian in a “ Dose-tO;nose ” direetion„_and that a concrete floor or 
t|jfi confinement offered by the walls and-roof'of a building has 
, no material effect on the transmission of sympathetic detonation. 
'The author concludes that for the storage of shells small magazines 
of a cheap, light type should be used, spaced at distant®® which 
will preclude the transmissioh of detonation fimm one to another. 

” Mim,. Poudr&, 1921, 19, 70 ; J., 1922, 349a. 

Bee. Thv. Chim., 1920, 39, 145; J., 1920, 876a. 

. *' J. gea, Schieaa- ». Sprmgstoffw., 1922, 17, 84 

1922, 17, 36. 

^ Arm^^Vrdnance, 1923, 269. 

1923, 256. 
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R. Robertson and Vi. E.*Gasner™ have devised a bombjfor 
the nxedsnrement (jf the heat evolveS»during the detonation of 
high explosives, 'and of the volume of gases prodyced, and the 
conditions of loading and initiatiojn have been standardised? Expe¬ 
riments have tfeen carried out with T.N.T., picfic acid, and amatol 
80/20. In the case of an explosive giviijg complete combustion, 
the fesults for heat ot- detonation .and composition of products 
agree with th#se deduced theoretically. The products of detona¬ 
tion of high explosives in vacuum include COj, CO, HjO, 

CH 4 , CjHj, NHj, HCN, cdii on, and a trace of NOj, but the 
proportions are dependent on factors which include density of 
loading, and confinem cit of the explosive, its completeness of 
detonation, and the nature of the initiator. The conditions under 
which free carbor is produced are discussed, and it is shown that 
its formation is acconipanied by an increase in the heat of detona¬ 
tion and a diminution in the volume of gases Migrated. Increase 
of density and confinement of the explosive give greater deposition 
of carbon during cooling. Incomplete explosion leads to increase 
in the volume of nitric oxide produced. 

High Explosives eob Civil Pueposes. 

Qehtins. 

There is nothing of outstanding importance to record regarding 
developments in the pure gelatin class of explosives. One infe- 
resting feature is the production of plastic gelatinous ammonium 
nitrate explosives by the use of aiiueous solutions introduced by 
t^e Dynamit A.-G. vorm. A. Nobel u. Co. and P. Nav'um. In the 
original patent’* a concentrated .soluti^ of a salt containing water 
of crystallisation, preferably calcium nitrate, was, used* to the 
extent of 3% to increase the plasticity of ammonium nitrate safety 
explosives which contained imsufficient nitroglycerin-nitrocotton 
gelatin to render them sufficiently soft»for cartridging. This was 
followed by la Similar claim’* for coneentfatei^ sulphite-cellulose 
waste liquor. Still more recently the claim ms been extended to 
cover a solution of any soluble salt added to th^ explosive.’*' 

Poieder Explosives. 

In this class also little of note has appeared. Most ol vuc uon 
oxplosiva**aro shght variations of older compositions with difierent 
proportions or will* the ajjflition of a smyll proportion of another 
oxidant or nitro-compound. 

. • ^ 

’>Proc. Roy. Soc., 1923, A103, ■'>39; J., 192? 803a. 

’‘E.K l«Jf4fl’ J., IKl, 28a, 

’'>a.P.JJ53.200i J., 1922, 839a. 

’•E.P.T89,78(hi J., W23, 999a. 
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Determined efforts in the XJuitea States to utilise the , large 
stock of surplus propulsiws remaining from the war haTg led to 
the development of numerous compositions,” coilsistMig mainly of 
Idw-grddo dynamites of approximately 40% strength which may 
contain anj^hing from 20% to 90% of ground nitrocellulose 
poffder, or cordite, from 0 to 60% of sodium nitrate, with other 
ingredients such as aluminium and nitroglj?cerin to increase oensi- 
tiveness. Similar compositions, but containing ampjonium nitrate 
as well, have also been produced. Such explosives, among which 
are the Dumorites, have a wide field of usefulness in America, 
where low-grade explosives are used for opening up and clearing 
new country. 

A. .T. Strane’® patents the method of utilising waste propulsive 
powders such as cordites by mixing them in a granulated form 
with blasting powder, by which means an explosive of much higher 
power than the blasting powder is obtained. 

The supply of high explosive recovered from shells etc. is not 
yet completely exhausted, and such explosives as amatol are still 
being utilised for various purposes. The recovery processes have 
not been without their accidents. L. Wfihler’® gives an account 
qf a disastrous explosion, in Stolberg, of two wagons of an artificial 
manure which had been prepared by mixing two parts of ammonal 
with three parts of kainite. It is presumed that the original 
explosive was badly mixed, and that a portion more sensitive than 
the rest, when struck with a pick in the presence of sand, detonated. 

In consequence of the frequent explosions which occurred in the 
working up of mixtures of ammonium nitrate and T.N.T. recovered 
from munitiorj, the Cheivische Tcchnische Reichsanstalt investi¬ 
gated the ease of ignition and explosibility of these mixtures and 
of T.N.T. alone. The igniting compositions used contained 
stated amounts of black powder, petro-klastit, and aluminium 
powder. With somewhat more powerful ignition than that 
effected by fuse alone^. explosive actions of the black powder type 
occur with both'’mii.turfs of ammonium nitrate and T.N.T. in 
■v.ppwder form and xnth loose T.N.T., the effect varying with the 
degree ^of confinement. Under special conditions foreign bodies, 
sfreh as detonators, left in the recovered' explosive may lead to 
•.detonation of the mixture. 

W. 0. Snelling*” patents the treatment of a wet organic nitrate ’ 
such as nitrostarch with a saturated solution of ammonium nitrate/ 
the excess of'solution baing removed.' The writer is thus reifiaoed 

t 

"D.S.F.n,447,218; J., 1923, 426a. U.S.P. 1,411,674 ; 3., 162S,'8#SA. 
P.B.P.a.420,364 : J.. 1922, 649a. 
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by a jsolution containing very little yater, and it is claimed that 
by subsequent .admixtme of the treated organic nitfate with 
oxidising sara, useful blasting explosives are produced. 

Chlorate Explosives, 

Tie toy'fiity of th^ fumes frou^ chlorate explosives has been 
investigate ty H. Kast anu A. Haid.®^ The explosives tested 
were some of the commoner German compositions of this class, 
such as Miedziankit, Gesteuwilbit, Gesteinskoronit, etc., the corf- 
positions of which arc given. The fumes were obtaine both by 
detonation and by bu-aing, and the tests were arrange to detect 
acidity, oxidising substances such as chlorine or nitrogen peroxide, 
and also carbon monoxide. In the detonation products chlorine 
and nitrogen pero-ide were present only in traces, but in larger 
quantity in the combustion products. On tlio other hand, carbon 
monoxide was always present in the detonation products to the 
extent of 1 to 3%, even with explosives having excess of oxygen 
in their composition, but did not exceed 0-1 % in the combustion 
products. It is pointed out that although the combustion products 
of chlorate explosives contain highly toxic gases, yet the combustion 
products of ammonium nitrate explosives are worse, in that they 
contain more nitrogen oxides. On the other hand, the chlorate 
explosives are more readily ignited. 

In the development of new ammonium nitrate explosive#, a 
small proportion of potassium perchlorate is frequently added to 
increase the sensitiveness of the composition to detonation and 
propagation. This is exemplified in numerous German c-xplosives 
such as Nospagit,®® Ammon Cahuoitf and Gcrmanib. A. Segay*® 
patents a composition of this nature. C. J. S. Lundsgaard and 
K. T. Herbst®® suggest the use of the perchlorates of mono-, dj-j 
or trimethylamine or tetramethylammonkm, in admixture with 
other materials, to give blasting explasives. It is difficult to see 
how these explosives could have any s^oiSJ advantage or compare 
inprice with other perchlorate explosives. 

Safety Explosives. 

Very little advance has been made as regards safety explositwS 
during Jjui last two years. In Great Britain a number of new 
explosives have appeared on the “ Permitted list ”,®® but they are 
mostly slight modficatidhs of those already on tne list, taken ..out 

“ .Z. fffe. Scliess- M. Sprengstoffw., 1922, 17, 146 J. , 1952, 961a. 

“0^,In(i.,1922, if 9. 

. «E.P. 20!,T91i J., 1923, 9»9a. 

•*U.SW>. 1,423,233 ( J., 1922, 690a. 

“ ExptosivesHn Ce^Mmes Orders, 1922-1923. 
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by newly formed companion, oi^ compositions which have been 
modified for use with a Ncf. 6 detonator., ' ^ 

Owing to difficulties with the supply of coal gas at Rotherham 
testing gallery, the /jfficial test "of permitted explosives has, by 
arrangement with Messrs. Nobel’s Explosives Co., been transferred 
me&time to Ardoer Factory, and preliminary experiments ,have 
been carried out at Rotherham with mixtures of methane and air, 
methane, hydrogen, and air, and petroleum ether abd air, with a 
yiew of finding a suitable substitute for mixtures of coal gas and 
air. The mixture of methane and air gave charge limits for 
permitted explosives far higher than those in force at present, the 
mixture of methane, hydrogen, and air gave irregular results, while 
a mixture of petroleum ether and air containing I’B to about 
1'75% of petroleum ether gave charge limits similar to those at 
present in force. The experiments were not continued in view of 
the appointment of a Joint Committee on the Testing of Permitted 
Explosives, and on their recommendation the research was entrusted 
to the Explosives in Mines Research Committee appointed in 
September, 1922.** The whole subject of explosives for use in 
fiery and dusty mines is being studied under this committee, which 
has published a memorandum*’ giving a historical sketch of the 
methods used in Britain and other countries for detennining the 
“ safety ” of explosives and outlining a programme of work which 
it js proposed to carry out and uhich it is hoped may lead to 
improved types of coal mining explosives and improved methods 
of testing them. Much of the practical work in this connexion is 
being carried out at Eskmeals and Ardcer. 

In Belgium aenumber of<u?w safety explosives have been placed 
on the list di Explosifs S.Q.P.®* These explosives fall into two 
main classes, either with or without nitroglycerin, and closely 
resemble the British ammonium nitrate permitted explosives. 
A recent development % Belgium has been the adoption by the 
Government of the coippulSory use of the Lemairp Sfifety Sheath 
in certain classes *of coal rjnining. Lemairc has shown that by 
,Jring djmamite and Masting gelatin cartridges in protective sheaths 
composed of nfixtures of certain materials, such ap sodium chloride, 
sodium fluoride, cryolite, etc,, the “ safety towards firedamp and 
coal dust is enormously increased. These sheaths are formed round 
the ordinary cartridges of safety explosivc8,'thus conferring further 
safety upon explosives which have aheady passed thS'-Belgian 
gallery test. The use of 4;his sheath must reduCe the efficiency of 
the explosjve considerably. Patents covering various types of 
safety sheatE useful for this purpose have been taken ofit by 

AnrwAReport of H.M. Inspector^ of Exploaivai for'1^22, pp. 20, 21. 

" Uem^amim on Explosives for Use in Fiery and Dusty Mins't etc,, 1923. 

«* Atm. Mines Bely., 1922, 300, 302, 303, 621‘, 823 i M23, «, 148. 
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Soci4te Anonymc d’Arei*donck,*®rt)y (* van Troll,"’ and by J. M. 
Bonser.B 

As the resiHt oi tbe destruction of the Testing Staiion at Lievin 
the study of s,afety explosives in* France ha^ been resumed at a 
newly erected station at Montlucon.*® In France the “ Explosifs 
antigrisouteux ” arc not submitted to aT^r standard gallery fest 
before auth uisation, bht njust satisfy, inki alia, the conditions 
that no coml^stible products shall be produced on detonation, 
and that the calculated ter-nerature of detonation must nol* 
exceed 1900° C. for explosives used in stone works and 1500° C. for 
those used in coal. Austria, Czecho-Slovakia, Belgium, Germany, 
Great Britain, and the Jnibd States use, as a criterion of safety, 
the gallery tost, which is an attempt to duplicate practical con¬ 
ditions. This difference of view-point has been emphasised in a 
recent controversy between E. Audibert”^ of the Montlucon 
station and E. Ixjmaire®^ of the Belgian station at Framerics. 
Audiberf® asserts that the increased safety conferred by the 
Lemaire cartridge can be produced in other ways, and is practically 
the same as that of a tamping equal in weight to the sheath. He 
also discounts the value of ])hotographic investigation of the flame 
from explosives. In an examination of “ Flamraocite,” which is 
identical in composition with Flammivoro III bis, authorised for 
use for fiery mines in Belgium, Audibert®* rejects this compo¬ 
sition on the grounds of (1) uncertainty as to the homogeneity pf 
the mixture, (2) presence of carbon monoxide in the explosion 
gases, (3) character of the explosive apart from the ineit con¬ 
stituents. This attitude merely amounts to ignoring the value of 
a*" safety ingredient,” which all praotigi^ gallery tests have shown 
to be essential to safety explosives, llie position is ra'ther anoma¬ 
lous in that France would reject the safety explosives of other 
countries on grounds similar to those stated above, whereas thS 
French safety explosives would possibly notf pass the gallery tests 
of other countries. Audibert*” states <hat^“ although long expe¬ 
rience justifies the confidence that Fron(^i uatrs ftf explosives have 
in the grisou-d}'namite and grisou-naphthalitei authorised for use^ 
in fiery and dusty mines, theweasons why those explosives are safe 
are not properly understood.” For this reason further investiga¬ 
tion is continuing. 

•»E.P. 196,917. 

“E.^201,507. 

“E.P. 206,022. , 

““ E. Audibert, Ann, Mifks France, 1922, T2, 15. 

” Loe. eU. and Bm. de Vlnd. Min., 1922. 

’* im. <Mir\cs Bdg., 1622, 88, 649. 

’• Ann. Mine) france, J922, I., 399. 

“Ibid., 317. • 

" Memtfandum on Bxplosms for use in Fiery and Dusty ^ines, etc., 
1923, 7. 
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liquid Aiif Explmviis. 

Strenuous efforts continue to be made trf erteiyi the use of 
liquid ^xygeil explosives, but up to the present the only plants 
where their use has-been established on a large scale and is being 
continued are in the Lorraine ironstone mines and at Pachuoa in 
Mexico. In the case bf the latter A. p. Akin'® reportsr that 
liquid oxygen explosives are'used only on faces which qre-easily 
accessible. R. G. Skcrritt reports that the first’application of 
■liquid air explosives in the United States will be made in the iron 
ore mines at Mineville, with a plant producing 75 kg. of liquid air 
per hour. To facilitate transport of the liquid air the plant -will 
be erected 1000 ft. below the surface level. 

The U.S. Bureau of Mines has issued a report on the progress 
made with their investigation on liquid oxygen explosives. These 
experiments include absorption and evaporation tests on a number 
of absorbent and combustible materials, which have made it 
possible to design mixtures which would retain enough liquid 
oxygen after 15 min. for exact combustion of their combus^ble 
material to carbon dioxide and w-atcr. The Trauzl lead block test 
was found unsatisfactory for comparing strengths owing to the 
email charge used, and the ballistic pendulum was found more 
satisfactory, showing the liquid oxygen explosives to compare 
favourably with 40% dynamite in strength. Preliminary tests 
indicated that liquid oxygon explosives are not suitable for use in 
gaseous and dusty coal mines. Electric detonators are recom¬ 
mended as the most certain means of firing. 

Under the auspices of Liquid Air, Ltd., trials were carried out 
in 1922 in the ironston^'mines at Frodringham : the results 
were stated to be most satisfactory, but the method has not yet 
})een adopted. J. A. Smeaton gives an account of a demon¬ 
stration given at Hayftnge in Lorraine. It is very difficult to form 
definite conclusions from the recent development of the position 
of liquid oxygen gxplcfsives in Prance. Previous io the imposition 
of a tK on these explosiVes in 1921 they were in a position of 
■advantage as^.oompar^ with other explosives, but the Associalion 
Mini^ d’Alsace et de Lorraine complain, that the imposition of 
thfe tax has arrested the development of liquid oxygen instalia- 
'lions in the iron mines. In a report™ issued in December, 1922, 
they enumerate the advantages of liquid oxygen explosives as 

Eng, anS Min. Press,, 1922, 978. 

*' Oompressed Mr Magazine, 1923, 427. 

V.S. Bureau of Mines, Tech, Paper 294, 1923. 

*“ Colliers Buardian, 1922, 124, 1284. 

i“/ro» ond Cool Trade Rev., 1923^129. 

“> “ 'n’Enploi de I'Exploaif L I'Oxygene Uquide dans 1 m Mium de Fer 
de Lorfaine.” ** 
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regards safety, hygiene* and tecimiqije of usage, and point out 
the advantages whiqh would accrue to the State in time di war in 
t^t nitrates *woflld be sdt free for military purpoe^. They ask 
for a ruction of the tax. This report is controverted* by P. 
Casenenve,*®* ‘who finds nothing in the cuWi to warrant a 
reduction. He states that all German Polish mines wtfeh 
used'liquid, oxygen during the war Jiave al)pndoned it now, and 
that of 08 mines in Lorraine only 11 continue to use liquid oxygen. 
The whole question is, however confused by the political situation,^ 
and the necessity for fostering^ the artificial production of nitrates 
in France. 

A. James,in the course of a paper on the use of liquid oxygen 
in mining, givm details of experience of its use in the Beal del 
Monte Mines at Pachuca. The advantages claimed for liquid 
oxygen are in 'general those which have ahready been enumerated 
in previous reports. W. Cullen, in remarks contributed on this 
paper, points out that the claim of greater safety is not subston- 
tiated, and that the cost of liquid oxygen explosives should be 
calculated on the whole expenditure involved. This is usually 
expressed in terms of the cost of the explosive, but with these 
explosives, which have a much lower density than the ordinary 
gelatinous explosives, extra labour, material, and power art 
involved in drilling. This increases the cost very considerably. It 
appears that there is a field for liquid oxygen explosives in certain 
classes of work and possibly in countries where explosives are 
imported, and the cost of transport is very high, but for general 
mining they do not appear to have any future. 

Testing. 

• 

A series of tests conducted by the U.S. Bureau of Mines,*** 
relative to the effect of cartridge diameter on the strength ami 
sensitiveness of certain high explosives^ have shown that rate of 
detonation and sensitiveness to explosion (by influence increase 
with the increase of diameter of the cartridge, ^latin-dynamitos 
decrease rapidly in both these respects on ageing, but ammoni^ 
dynamites are litlje affected.* This decrease in gelafin-dynamites 
proceeds more rapidly {he smaller the diameter of the oKrtridgSs, 
and the decrease is more rapid with 60% than with 40% low^ 
freezing gelatin-dynamite. These result sare used in an article*®* 
written W show the disadvantage small diameter cartridge. 

^ • • 

*** ” Lee Exploeife dans Iss Exploitations IndustrisUee devai^ I'Impot,” 
1928. «• * 

»»" Liquid Oxygen in Mining,” publishol by the Institution Uming 
and UetaUuigy, J92(. • 

^"*OJS.Buf^oJMina,SerU!iN0,mS. 

‘"ExjriAivM Enginter, 1923, 9B, 

an 
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It is pointed out that the perceSitage of paper on l-in. cartridges 
is nearly double that on I'j-in. cartridges. • , 

0. ^oppenherg^* has made an interesting contribution to the 
study of the products of explfision. It was fonp,erly supposed 
that an explosive decomposes in different ways according to the 
loading density. As far as detonating explosives are concerned, 
this is incorrect, as ithe explosion is, so ‘rapid that the pressure 
produced at the moment of explosion is practically independent of 
ihe surrounding medium. However, unless these initial products 
of explosion are quickly cooled, sfecondary reactions take place, 
and these are dependent on the pressure and rate of cooling. 
Various devices were used for cooling the explosion gases quickly, 
such,.as firing the explo.sivc in an iron bomb enclosed in a large 
evacuated bomb. The loss of energy entailed by the sudden 
expansion of the gases into a vacuum after the bursting of the bomb 
led to rapid cooling. In another method, double-walled vessels were 
used with the annular apace filled w'ith mercury or water. The 
gases produced by an explosive fired in the vessel were quickly 
and intimately mixed with the mercury or water, and rapidly 
cooled. Practical results obtained from experiments with picric 
Mid and T.N.T. agreed very w’ell with those deduced theoretically. 

Initiating Explosives. 

*ln spite of the new initiating explosives which make their 
appearance from time to time in the patent literature, mercury 
fulminate and lead azide are still the only two of practical im¬ 
portance. Fulminate has not yet been supplanted to any great 
extent, though lead azid^Vis making headway. ' » 

A. Langhaps continues to publish the results of his investiga- 
(tions on fulminate and its manufacture, but fails to improve the 
long-established process which has been worked out very ex¬ 
haustively on empirical lines. 

B. C. Farmer'lf cqAie^ out an interesting investigation into the 
decomposition of* mercury fulminate at 80° C., and observes^that 

'Allowing a quiescent period, the r^pid formation of a catalyst 
Ijjings ttbout a brisk evolution of carbon dioxide. This result was 
quite unexpected in view of the earher observation of Hoitsema^ 
‘that at 130° C., i.e., immediately below its.explosion point, mercury 
fulminate gives off oxygen. Farmer’s promised investifption into 
the solid products of the ddbomposition will therefore be awaited 
with interest. , ' ' 

• , 

Z. angew. Chem., 1923, 86, 80 j J., 1923, 293a. • ' ‘ 

gei. Schiesa. «. Sprmgatoffw., 1922, }!}, 122, 131, 141, 180, 169; 
1923, 18i 17,^521 i J., 1923, 120a. • . ; 

iSoc. Trana., 1922, 121, 174; J., 1922, 199a. ,» 

“* Z. phyaih. Ohem.,^ 1896, 21, 147. 
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Most erf the interest tn qew ditonarfor work is, however, now 
centred*on lead /ezide. JJobel’s ExploSives Co.have obtained an 
extension to fheir original patent for this country f«r a pg'iod of 
four yeafii in yiew of its unavoid&ble suspension during the war 
period.**® 

I» Ji920, W. Eschbach**® patented the U8« of aluminium detonator 
tubes as ciatainers for lead, azide. More reoently he has patented 
detonator tubSs of aluminium alloy for the same purpose.*** He 
also proposes aluminium t’lbf'f -s fulminate containers along with 
an inner protecting cap of copper, brass," or celluloid.*** The 
construction of such a ''ctonator might actually be of commercial 
advantage in Germany, where copper has been scarce and high in 
price. • 

Judging from the patent literature, however, the position of 
lead azide as a fulniiuate substitute will be fiercoly attacked, as an 
energetic search for new initiators is going on. As examples of 
these we may mention 4.6-dinitro-2-diazophenol,*** tetrazole and 
triazole, and their derivatives,**’ the salts of azodithiocarbonic 
acid,*** cyanuric triazide,*** 1.3-dinitro-4'5-dinitrosobenzene salts,*®- 
and basic lead salts of nitro compounds. 

Sulphuryl azide is described by T. Curtius and F. Schmidt.*®*, 

It is, of course, very doubtful whether any of the new explosives 
above mentioned will ever come into use. It is always long odds 
against the laboratory article becoming a finished commercial 
product, which must be at once stable, readily ignitable, good 
running, moderately sensitive, powerful, and cheap. These pro¬ 
posals are, however, of interest in that they illustrate the persistent 
gioping for a new initiator which is goiijgson, and also t eoause they 
set forth the strategic importance of sodium azide as the jease of 
operations. Sodium azide is prepared by the interaction of ethyl 
nitrite and hydrazine hydrate in presence of alkali. In thi/ 
connexion R. A. Joyner and Nobel’s Explosives Co.*®* make 
continuous the Qaschig process for the*ma(jufacture of hydrazine 

“» Ohem. Tfode J., 1923, 487. 

>1> E.P. 1B1,672 j J., 1920, 766a. U.S.P. 1,438,3'59 ; J., 1923, 121a. 

“* E.P. 204,277 J J., 1923, UB4a. 

"‘E.P. 195,907.* • 

“•E. V. Herz, G.P." 373,426; J., 1923, 864a. W. M. Dehn, U.S.P 
1,428,011 and 1,404,687; J., 1922, 961a. 

”E. V. Hera, Q.P. 370,574; J., 1923, 685a. H. Rathsburg, E.P, 
185,555: ,;•;•1922, 880a. 

“• H. Rathsburg. K.P. 188.302 ; J., 1923, 688a. 

»>• Soc. of Chem. Ind. in &sle, E.P. 170,359* ; J., 1^1, 872a. See aim 
E. Otty G. P. 352,223 and 350,564 ; J., 1922, 917a ; .1«23. 246a. 
Wohler, Z. oOgew. Chem., 1922, 35, 545. 

“> H. ^thsbUTft E.P. 490,844; J., 1923, 332*. W. Friederiolf, EJP, 
192,830; J., 1923,* 332a. • 

»>Ber.,^22, 66. 1571, 1581. 

■B.P. 189,7601 J., 1823, 907a. 
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hydrate by the interaction lOf sodiam hypoohlorito and ammonia, 
and also' avoid ammonia iecovery. ' , ' 

13ie /iry mking of initiating explosives such as liad azide and 
lead Styphnate involves an elelnent of risk, which E. von Herz 
avoids by simultaneous precipitation of the two salts and by pre¬ 
cipitating one upon thff other in suspension.^® This method.-ha8 
b^ made general in a series of patents 'issued by the Bhemisch- 
Westfalische chemists, the claim being made not mtrely for a safe 
mixing, but also for the precipitation of homogeneous crystals of 
' isomorphous salts of" a modified br increased strength. Thus, 
W. BViederich claims for the precipitation of lead azide with other 
salts,H. Rathsburg for trinitropldoroglucinol,‘“ and H. Rathsburg 
and W. Eriederich for tetrazole derivatives.*** 

The principle has not yet found a useful practical application, 
but the ground covered by the patents is so extensive that 
assiduous research might very probably bring to light some com¬ 
bination of importance. Incidentally, the individual patents 
reserve an enormous field. 

There is nothing new in detonator construction, though the 
Schfilze detonator, which applies the Neumann principle of the 
hollowed-out chaige to the base of the detonator, is the subject of 
a prolongsd and not very edifying wrangle over Bombom’s priority 
claims.**’ W. Eschbach also patents the application of the 
pHnciple.*** 

The conclusion arrived at after a perusal of these and other 
articles*** must be that sound conclusions as to the initiating 
power of detonators cannot be derived from mechanical tests such 
as the lead* plate test, that such tests can only have val&e> 
when i»ed to compare detonators of the same type. These views 
^d confirmation in a very thorough study of the question by 
J. Barab.**® * 

With regard to developments in cap compositions, nothing of 
moment has beeji sieved. The ultimate objective here is a 
single loading whUh wifi possess all the desirable qualities. As 
yet no. such substance is to hand. • 

,,J. Bi Bums*** makes an interesting claim for a mixture of (1) 


“E.P. 187,012; J., 1822, BOlA. 

“*E.P. 180,605; J., 1922, 688 a. 

“‘E.P. 190,216; J., 1923, 162j_ 

“•E.P. ip,344, J., 1923, .804a. 

** B. Bombom, Z. gufSchieu- u. SprenjrtOjffW., 1 921, Ift 177; 

65,136. C. BunSe, ibid.. 1922, 17, 16. J. Zinzius, ibid., 1922, Bi, 
167. H. Woil, ibid., 1922, 17, 111. W. Eschbach, ibid., im,Ja,4i.^ , 
172,914. s 


““Ezjwsiw* Engineer, 1923, 61. , 
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an oxMitang agent leaving a eerroeife residue, (2) an ozididng 

f nt, "and (3) a seducing agent witb a non-corrosiT^'residue; 
. and (3) jieponderate and leave (1) inert. ^ 

H. TJ'Pwk'’* claims nuxtures* containing^ inter olio, A3rplmio 
acid and lead styphnate, and also a mixture containing diphimbic 
ditrinitroresorcinol,^® a substance to -whicji, without any appafcnt 
warrant, V assigns a‘graphic formula dopble that of ordinary 
normal lead Styphnate. 


Ahaltsis, 

Not the least of the ’-roblems which face the explosives chepsist 
are those connected with the analysis of explosive mixtures. An 
important separation with which he is constantly faced is that of 
nitroglycerin and other ether-soluble nitric esters and nitro-. 
aromatic compounds. 

M. Marqueyrol and E. Goutal“* gave two methods for the 
quantitative determination of mixtures of trinitroglycerin and 
dinitroglycol. The first is based on the observation that in a dry 
atmosphere over sulphuric acid, trinitroglycerin sufiers no loss, 
while dinitroglycol loses 12 mg. per 24 hours; in the second the 
composition is deduced from the magnitude of the freezii^ 
point depression of benzene containing the material under examin¬ 
ation. Although the probable interference of other substances 
which may be present in the ether extract of an explosive‘is 
considered, it is clear that these methods can only have a limited 
application. 

• A method for the quantitative sepa^tion of ni|ro^'ycerin and 
nitro-aromatic compounds is given ty W. Dicksorf and W. 0. 
Easterbrook.’** The nitroglycerin is destroyed by. the itotion of 
ferrous chloride in presence of methyl alcohol, which prevents ^ 
farther nitration of the nitro-aromatic conlpounds present. 

A method, fos determining the resiSual, acetone in propellant 
powders is described*** depending on the action^f sodium hypoio- 
dite* on acetone in alkaline solution producing iodoform. 
powder is cut up.and hydrolysed by sodium<hydTokide solution; 
the acetone present k 'distilled over into a flask, cooled i& watw,- 
and the determination carried out on the distillate under spemfie^* 
oonditions. Alcohol, aldehyde, diphenylamine, and ammonia do 
not interftre. The presence of subs^tuted ureas involves a sU^t 
ooneotion. 

1,414,121 and 1,416,123; J., 1922, 624i. 

“•U.&P. 1,416,122; J.. 1622, 524a. 

“• MIm. rfuiAi, 1921?1», 87 s <if. J-, 1920, 528a. 

“» Anafcit, 1622,47, 112; J., 1622, 310a. 

Sarqusisol. 6f4m. Poudru, 1621, U, 160. 
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A method of detennining tlje T.N.T., and tetryl content of 
mirtnrec.of them, based q»i the relative solubilities of T.N.T. and 
tetryl in carbon tetrachloride at 0“ C., is described.*’’ The 
method' is faiJly rapid and ea^, and gives results accurate to 
■ within ■2%. The l%her the percentage of T.N.T. present, the 
greBter the error. 


Acknowledgment is made of the valuable assistance rendered 
by various members.of the technical staff of Messrs. Nobel’s 
Explosives Co. in the preparation of this section of the report. 

C. A. Taylor and W. H. Binkonbach, Ind. Eng. Ch€m.t 1923, 15i 280; 
J., 1926, 523a. 
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loses in, 151. 

Camphor oil, constituents of, 625. 
Chmpr^on test, 20. 

Cane sfigar. Sw Sugar. 

CarbazoTe, boiling po^of, 65. 

dyes from. 127. 

Carbon, deoulorisiag, 447. . 
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Cftarooai, active 62, 1(^3, 185, 649. 
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Coagulin B, 520. 

Coal analysis, 19. 
ash, melting point of, 183. 
caking index of, 20. 
carbonisation of, at low tempera¬ 
tures, 24. 

constitution of, 21. 
froth flotation of, 28. 
hydrogenation of, 18. 
low-temperature carbonisation of, 
60. 

specific heat of, 21. 
specific gravity of, 21. 
sulphur in, 29. 
washing of, 28. 

Cocaines, 630. 

Cod, coloration of, as salmon, 498. 
Cod liver oil, 309. 

Coke, blast-furnace, 27, 235. 
combustibility of, 31. 
manufacture, 30. . * 

metallurgical, physical properties 
of. 45, ' 

•ovens, 30, 44. 

quenching, water-gas from, 45. 
reactivity of, 48. 
sulphur in, 29, 47, 236. 

Collagen, hydrolya^ of, 390. 

Colloid mill, 340. 

Colloidal solutions, viscosunetei; for, 
146. 

Colophony* 330.« 

Colour UMrs’ Association, 91. 
Colouring matters as antiseptics; 
538, 539. 
in foods, 498. 

Stt also Dyes. 

Combu^ion, sicfaoe, 35. 

Congeetm, 619. . . . 

Cooters, heat transmission* in, 42. 
Copal, export of, 326. « 

Copper appys, 26^. \ 

^effect or oxyj^«pnt. 5^55. 

' electro-deposition of, 
electro-wBtattai|7*of, 
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Copper, hardness of, 262. 
metallurgy of, 252. ^ i 

sulpWdft, equilibrium of iron sul¬ 
phide andf 2511 * 

mre, tensih} etrenglh of, 26^ 
Cordite, 656. 

mA^^ufeoture, solvont rocoveTy in, 
650. 

Corflteion of "',3 pipes, 56. 
of iron and steel, 247. 
of noif'ferroud motals, 267. 

Cotton, 129. 
action of light oi^ 134. 
boll weevil, calciiun ar«''nato for, 
256. 

oompression of. 13a. 
constituents of benzene extracts 
of, 130, 164. 
dyeing of, 175. 
grading, 130. 

liairs, mercerisation of, 133. 
hairs, struotui-c and properties of, 
132. 

hydrolysis of, 131. 
mercerisation of, 170. 
parasites attacking, 129, 130. 
plasticity of, 182. 
raw, supply of, 129. 
wax, softening of, 130. 

Cotton Industry ^search Associa¬ 
tion, British, 129. 

Cottonseed oil, 308. 

Coumarono resins, 335. 

Croweaoin, 525. 

Cryoscope, Hortvet, 490. 

Crystals, large, apparatus for ob¬ 
taining, 11. 
rate of solution of, 10. 
uyanamide, analysis of, 412. 
Cyanides, productiontjf, 191. 
recovery of, 257. 

Cyanogen compounds, removal of, 
from gas, 48. 

Cymene, thymol from, 522. 


D. 

Deoaline, solvent ppwer 333.* 
Detonators, 564. • * 

Dewar, Sir James, death of, 189. 
Dextrinozol, 455. 

Dextrose from cellulose, 503. 
DianthraiAl, 117. 

Dianthraquinone, Df. 

Dionthrone, 117. 

Diaetatio^ power, determination of, 
4P68. • 

Diazotisatiion, 105. 

DigitaligOnuf, ^21.* 

Di^talis, assay of, 521. 

Di^toxigeilih, 52j» 


Dimethyipnenaninrene from d-pim- 
a aric acid, 525. 

Dinitioglyool, determinatibn of, 665. 
Disinfect^ts, 616. 

Distillation, 8. 

Dopplerite, 
in peat, 23. 

Dryer, T^rup drum, 7. 

Drying oils. See Oils. 

Durain, 2 If ^ 

Dust, electrical precipitation ot, v, 

201 . 

Dyeing, 1^2. 

of animal fibr^, 177, 

Dyes, 91. 

acridine, as antiseptics, 538. 
anthraquinone, 117. 
azo, 105. 

fading of, in fabrics, 176. 
indigoid, I'-l. 
intermediates for, 92. 
sulphide, 126. 
triphonylmelhane, 111. 
vat, 121, 123. 

Dyestuffs industry, British, 91, 183. 

industry, poisoning in, 176. 
Dynamite, 556. 


E. 

n-Eicosanic acid, 316. 

Elseostearic acid, 323. 

d-Elseostearin, 323. 

jBlectric arcs, 278. 

Electric furnaces, 269. 
arc, 273. 

con&'jiercial appyoatiom of, 274. 

iarro-alloy, 286. * 

for enamelling, 2^5. • 

for non-ferrous metab, 273, 288. 

for steel production, 270, 281. * 

for tin terovery, 291. 

ii^uction, 273, 285, 289. 

laDoradiry, ^7. 

refificttifie8 ror ,«279. 

resistancef 

theory of, 277. 

Electrical eft)!^ and wir^. 267. 

Electrochemical industry, 269. 

Electrodes, manufacture of, 270. 

Emulsions from tar oils, 66. 

EnameUing, vitreous, electrb furnace 
for, 276. 

Ehgler distillation vest, 73. 

Enzynfes, 463. 
activators of? 466. , 

Erytlirolaooin, 328. 

E^ntial oils. Se$ Oils. 

Ethanesol, 526. ^ 

Eth^, anssthetio <)f. 526, 

autoxidation of, 527. 
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Ethers, ftreparation of, 527. 

Ethyl alo^hol. See Alcohol. ^ * 

Ethylene, absorption of, ify sul> 
phurio acid„ 89. 

ansesthetio actibn of, 528. 4 

detenpinatior. of, in*gas, 66. 
Eu9aines, 530. 

Eutectics, structure of, 258<^ . 
Evapprator, Fraohe and^BouiUony 7. 
Eii^losions in recovery pmceEses, 550. 
m works, 10. 
products of, 662. 

Explosives, 5^. < 

analysia of, 565. 
high, boosters for, 554. 
high, chlorate, 557. 
high, for military purposes, 550. 
h^; gelatin, 555. 
hi^, heat evolved by, 555. 
high, powders, 656. 
high, shell charges for, 554. 
initiating, 562. 
liquid air, 560. 

manxifaoture, fiie risks in, 550. 
propellants, 544. 
safety, 557. 
testing of, 561. 

E^losives in Mines Research Com* 

< mittee, 558. 


Faraday Society, 346. 

Famesol, synthesis of, 524. 

Fats, animal, detection of, in vege* 
table oils, 603. 
rancidity pf,,3C3. 

Klid, 310. * 

Fatty acj^. See under Acids. 
Fermentation, enzymes in, 463. 
industry, 456. i 

of cellulose, 487. 


of starch, 465. 


\ 


with yeast, 467. ^ 

FerrO'tui^tm, 5i‘, 288. 

^zTo-vftnadium, pre^ration.of, 287. 
FfirtUisers, 407. c c 
nitrogenous, ^7,410. 
brganio, 420. 

« phosphatic, 413, 415. 
pota^, 419. 

Fibres, imimal, dyeing of, 177. 

Filter, stream-line, 8, 183, 185, 447. 

486. 

Filter-presses, constant flow in, 9. 
Filtration apparatus, 398. 

^ni^ing textile, 182. 

Fish oilst 324. * 

scales 9& a means of identifloation. 

499. • 

Flame, velocity of, 84. 


□TDBri. 

V t 

Flammooite, 559. 

Flask-point determinations, c75. 

FUa, meroeriE&ktjpn of, 170. 
micro-organvuns on, 138. 
re^jng of, in rela^n to bleaching, 

waste, cottonising of, 139. 

Flax seed oil, world's product]^ Cf> 
320/. 

FloAdin, adsorptiva power jof, 81. 
Flue dust, briquet^g of, 234. 
Foods, 489, 
t^arsenio in, 601. 
boric acid in, 499. 
canned, hygiene of, 500. 
colouring matters in, 498. 
metals in, 500. 
preservative in, 499. 
Formaldehyde, syntheis of, 103. 
Fractionating column, 80. 

France, electric steel manufacture in, 
283. 

nitrogen industry in, 190, 408. 
Fruit juice, malic acid in, 496. 

Fuel eonomy, 14. 
gaseous, composition of, 35. 

Uquid, 17. 
motor, 82. 

motor, corrosion by, 54. 
motor, deteoti^m of sulphur in, 75. 
powdered, 14. 

Fimer’s erth, deoloriscvtion by, 304. 
Fur dyeing, 179. 

Furfural reins, 334. 

Furnaces, blast. See Blast-furnace, 
electric. See Electric furnace, 
reverberatory, 254. , 

Fusain, 21. 

Fusanols, a- apd ^•, 520. 

G. 

Gas, absorption of, by liquids, 50. 
Aeration of, for ‘burners, 35. 
analysis, 54. 

caloriflc value of, 69. » 

(yUorimeters, 56, 68. 
oomlmetion furnace, 35. 
flue^ deterinination of sulphur in, 88, 
natuml, helium in, 88. 
natural, petrol production from, 87. 
pipe, corrosion of, 56. ( ^ 

pi^uccr-, 38. 

prodvoer-, d^rmination of 
gen in, 54. , 

pr^ucers, 40. 
purification, 47. \ 

reoovety of benzol 49. 
f removal of cyaho^en c&ropo^o^ 
from, 48. . r ‘k* * 

reznovakof najAiitKalaQe 
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Gas, removal of sulphur fK)m,"4f. 
water*. 38. ^ < 

watel*. delerminatiDn of moisture 
in, 5!i. . “ * 

Gases, adwrption of,*185. 
flow of, 43. * 
mixed, explosion of,*33. 

QasoUno. See Petrol. 

Oedilhitc, 3.‘V‘ 

Gelatin, 385, 405. 

Gelalint^rs, 54% 

Germanit, 557. 

Germany, brewing in, 459. 

nitrogen industry in, 408. 

Glass, arsenic in, 200. 
boric oxide in, 200. 
bubbles in, 217. 

changes in mechruical properties 
of, 213. 
colour of, 215. 
decolorising of, 217. 
durability of, 210. 
electric furnace for annealing of, 
275. 

flint, electrical properties of, 217. 
fluorescence of, 215. 
industry, 205. 

mobility of, in relation to temper¬ 
ature, 208. 
permeability of, 215. 
soda lead silicate, expansion of, 217. 
titania in, 213. 
viaco.sity of, 206. 

ware, standard specifications for, 

212 . 

Glass Research Association, 205. 

225. 

. .razing of, 223. 

Glucokinin, 521. 

Gluoosides, 521. 

Glue, 385, 40.5. 

Glycerin distillation, 8. 

Glyoxal, preparation of, 94. 

Goitre, water supply in reference to, 
513. • • 

Gold allo}^ with zinc, 258. 

cyanide process for, 257. 

Gossypyl alcohol, 139, 164. 
Granuloma, 535. ^ \ 

Grape-seed oi’, 308. • * 

Greases, melting points of, 76. 
Growth, action of light on, 490. 
Gumming, copper dish te^ for, 82. 
Ounpowdfr, 541. 

Bolveut recovery |pom, 549.* 


. H. 

H-aoidj 191. 

HamoglSbid^^l^rptlon^of oxy^er 
Hafiuum,^i39. • 


Halogens, action of ultra-violet light 
• on the reactivity of, 97. 

Hearipoisons, 521. 

Heat pumps, 6. 
transference, 8.^* 

Helium in i^tural ^as, 8b. 

Hemp. Manila, damage to, ^y micro- 
orwnisms, 140. 

Heptalme, solvent power of, 333. 

ttexa-am>db80i, 462., • 

Hexaline. solvent power of, 333. 

Hides, curing and soaking of, 386. 
litning and bating of, 389, 397. 

Hongay on, 317. 

Hops, browing trials with, 475. 
determination of resins in, 474, 
diseases of, 477. 
drying of, 475. ^ _ • 

preservative principles of, 473. 

Humic acids, 30. 

Humulon, 473. 

Hydrazine hydrate, manufacture of, 
683. 

Hyd on Blue, 127. 

Hydrocarbons in low-temperature 
tar, 61. 

oxidation of. 89. 

slevV oxidation of, 33. 

solubility ef, in sulphur dioxide, |l. 

Hy Irocellulose, 149. 

Hydro'hloric acii, manufacture of, 
186. 


Hydrocyanic acid, detection of, 66. 
Hydrogen-ion conf*ontration, 195. 
peroxide, bleaching with, 196. 
sulphide, catalytic oxidation of, 


203. 


Hydr(S3(ynaphthoig acids, 101. 
H^notics, 531. * 

Hypochlorites, bleagldng with, 167. 


I. 

loe.^anlfactt^e of, 503. 
niip^atfdndnn, ,311. 

Indeno in u%l!i^-ga3 tar, 66* 
India-rubber. See Rubber. 

Indigo salt T., 113. 

Indigoid dyes, 113. 

Indigotin, metallic derivatives of, 11^ 
synthesis of, 114. 

Institute of Brewii^, 457, 472. 
Institute of Microbiology, proposed 
• National. 479. 

Institiftion of Chemical Engineers, 5. 
Insulin, isolation of, 5^. 
lodin\ distributiooi of, between 
chloroform and st'Orol:^ 183. * 
treatment of wat r wit^*6l3. 

Iron, euiditlon of earbecraad man* 
ganese to, 242, 
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&oa alloys, eleoi^no xuriuioes for, 28^ 
and steel industry, 233. 
cast, weloins of, 240. 
castings^ malleable, 241. 
contraction of, during solidifica* 
tion, 239. r. *■ 
ooiTosion of, 247. 
eSeot of annedlog on stma^^ure of, 

electro-deposition of, on rubber, 
297. 

,electrolytic, corroMon of, 300. 
grey, from tin-plate scrap, 280. 
manufacture, 234. 
nitrides, 246. 
ore purification, 234. 

.ores, electrotbennal smelting of, 
28Cf. 

pig, production of, 233, 280. 
pipes, corrosion of, 56. 
properties of, 243. 
rilicon-, apparatus of, 240. 
sulphide, equilibrium of copper 
^phide and, 254. 
y-Iron, 245. 


J. 

J-Loid, 101. 

Jumbo Mullen tester, 142. 


K. 


Kala-azar, 636, 538. 

Kaolinite, X-ray ^alysis of, during 
firing, 221. 

Kauri gum indugt:^, 326. 

Kerogen, 90. ^ 

Kerosenes,* oxidised, as fuel, 63. 
IQiaki, production of, 181. 

Kilns, 222, 


L. 

Laccaio ftcTd. 328. 

lactalbumin, coagulatiop of, 492. 

Lamp, imitation daylight, 183. 

La^derers’ Besearch Association, 

« Britirii, 136. 

lAundries, destructbn of textiles in, 
166. 

Leaehing, 9. ^ ^ 

Lead aEde, aluminium ooi).tainers 
for, 563. 9 

aside, explUsve pmperriee of, 562. 
impounds in paints, 838. 
eleotroimetallu^ of, 298- 
metalluigy of, 260. 

analysil of, 402. 
obioz^ 384, 398. 


< 

chrome, analysis of, 397, 404. 

* indmitry, 383. « 

sole, 3^4, ' 

tanning of, 39|l. * 

iLeathep Manufactm^p’ Research 
Aijociation, British, 385. 

Lemaire safety sheath, 568. 

Leucite, potash from, 197. ^ c- 

L&uconoatc^ in sugar juice, 435. 

L^ht,' action of, on ^wth, ^90. 
ultra-violet, actioif of, on yeast, 
480. 

Ligiin, 163. 
constitution of, 155. 
distillation of, 23. 
low-temperature tar from, 36. 
oxidation of, 154. 
pine, constitution of, 155. 
straw, structure of, 164. 

Lignin8.a' and 155. 

Lignite as a fuel, 16. 
dehydration of, 37. 
g^doation of, 41. 
pressure oxidation of, 36. 

Lime liquors, bacteria in, 390. 

Liming, 389. 397. 

Linderic acid, 316. 

Linen, bleaching of, 166. 
mercerisation of, 170. 

Linseed oil, drying of, 305, 321. 
dims, yoUowmg of, 325. 
molecular wel^it of, in napbtha- 
leno or stearic acid, 344. 
world’s production of, 320. 

Lipase, splitting of oils by, 315. 

Lithopone, blackening of, 337. 

Liver oils, 309, 310. 

d-Lottgif-1.2-dione, 327. 

d-Longifolene, 327. 

Lon^pfoUc acicU, 327. 

Lubricants, oiliness of, 84. 
viscosity of, 85. 

Lubricating oils. See under Oite. 

Lubrication, 84. 

Lunge, Georg, death of, 189. 

Lupulon, 473. 



k 


Machinery and plant, 5. 
Magnesite,* 227. 
M^n^ium alloys, 263. * 
chloride, 196.»' 


salts as fertilisem, 421. 

Maize oil, 308. ‘ 

Malic acid id fruit Jtiioe8,(496. *' 
rathet4p, appUpations of|,4t98. 

extracts, diastatlt^ ^wipr of, 481. 
extracts, Btaroh-lique^spng 
of, 467. • ir ^ 



^uBjBor nn>ax* 


znaltaM tn» too. 
moist* 478. 

MoltasOi 465. • 

iMlilaltosd int>eeit 461. 

Maoganeae, eleotrolftic, 300. 

ia steel, 237# 

Mangrove bark, 393. • 

Jla^griae anriysis, 317. 

imustry. ^.01. 

Martensite, 244. 

Meat, pfeserveA, 501. 

Menhcden oil, 310, 324. 

Menthols, 523. 

Menthone!^ 523. 

Mercerisation, 169. 

Mercury lolminate, explosive pro* 
parties of, 562. 

Metals, cold-workeJ, properties of, 
259. 

colloidal, preparation of, 95. 
corrosion of, 345. 
diffusion of chromium into, 250. 
electro-deposition of, 300. 
non-ferrous, 251. 
non-ferrous, corrosion of, 267. 
non-ferrous, electric furnaces for, 
288. 

oxidation of, at high temperatures, 
266. 

structure of, 258, 259. 
volume changes of, during melting, 
266. 

Metallography, 244, 258. 

Methane, chlorination of, 89. 
determination of, in mitxe air, 56. 

S reparation of, from water-gas, 39. 
ethoxyresoreylaldehyde, 526. 

• Methyl alcohol, synthesis of, 103. 
Methylene blue, absorption of, by 
cellulose, 135, 1418. 
N'Methylgranatoline, esters of, 528. 
Micro-organisms in agriculture, 480. 
Milk, condensed, determination of 
fat in, 495. 

detection el hfpochlorites in, 492. 
dried, analysis of, 493. 

^ed,.determination of fat in, 494. 
fizzing point of, 490. 
pasteurisation of, 491. 

Mill, ooUoid, 340. 
grinding, 8. 

Mme*air, determination of methane 
in. 6«. • 

Mines, e^ploaivM in, 558, 560, 501. 
Mohua oil, 311, 31^ • 

Muiasses, sugar from, 439.* 
Molybdenum alloys, 265. 

in^cfteei* 242. • 

Monel metal, 255. 
resiat&nof ff^Oo oorrdlion, 267. 

• Mohtan wax, 87,161. ^ 

Mc^dantulj, 17^ 


Mordants, manuiaoture 95. 

Mator bearings, heat treatment of 274. 
Moukis on sugar, 441. • ' 

Myrobalans, tannins in, 893. 

• NT 

Naphttlalene, caieJytic hydrogen- 
• atioi#of, 105. , • 

derivatives, 99. 

determination of. in coal j^as, 55. 
detem^^nation of, in tar oils, 67? 
double refractivity of, 65. 
removal of, from gas, 49. 

Naphthol AS, 102, 106, 176. 

Kaphthol Yellow S as a food colour, 
498. • 

/J.Naphthol-4-8ulphonic acid, 100. 
fl-Naphthyl/nine, preparation of, 
104. 

^■Naphthyl ^-dimethylarainoethyl 
ether, ansesthetic action of, 6^. 
Narcotine hydrochloride as a twt for 
glass, 211. 

Naroylone, 528. 

National Clean Milk Society, 492. 
Neps in cotton, 176. 

Neradol D, printing on, 181, 
NeroUdol, synthesis of, ^24. 

Nettle fibres, 140. • 

Nickel alloys, corrosion of, 268. 
catalytic, for hydrogenation o# oils, 
312. 

electro-metallurgy of, 299. 
metallurgy of, 256. 

Nitrate industry, Chi' •’n, 410. 
Nitrioeacid, mixtures of sulphuric 
0 acid with, 1^.* 
production of, 194. 

Nitrocellulose, 54^ 
powders, drying of, 646. 
powdA^, gelatinisers for, 546. 
nowders, production of, 545. 
v^o^fty of solutions of, 146. 
NitBO-oMspc^di, catelytio reduction 
of,96#l8k. . . . 

Nitrogen, determuuttion of, in ferti¬ 
lisers,%13. * ^ ^ 

determination of, in irdh and |teal, 
247. , . . 

determination of, in nitrates, ^5. 
fixation of, IW, 408. 
oxides, absorption of, 1^, 195. 
fJitroglycerin, explosion point of, 544. 
manufacture, 642. 
separation bf, from^itro-arom&tw 
oompo^mds, 56S. 

p-Nitrophenyloaritiasole, W3. • 

Nitrosophenols, preparation of, 98, 
Nospagit, 567. • •** 

Novocaine, homologues of, 529. 
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O. 

ijoOctadec&ne, 309. 

Oil fields, gas frorp, 88. 
shale d6>tillationfi 17. 
shales, kerogci^ in, 90.c- 
Oil8,prude vegetable, detection of, 308 
decolorisation of, by fullerJ^ earth, 
314. 

dryifig, 305, 350. * * 

drying, preparation of, 95. 
edible, refining of, 3C4. 

'essential, 522. , 

extraction of, 303. 
fattv, saponification of, 315. 
fish, 324. 
hardened, 312. 
hydrsgenation of, 17, 312. 

Indian, 317. 
iodine values of, 317. 
lubricating, formation of, 72. 
lubricating, removal of wax from, 
85. 

marine onimol, 3( 9. 
mineral. See Petroleum. 
Roumanian, suiphuii^ation of resi' 
dues from, 89. 
semi* and non*drj’ing, 307. 

CWtica oil, 324. 

Orange 11., adsorption of, by alumina, 
177. ' 

Ores, chloride - volatilisation tieat- 
' ment of, 2cC. 
concentration of, 251. 
fiotation of, 252. 

Organo-metallic compoimds, 533. 
Oxycellulose, 149. 
tests for, 1C9.^ c 

Oxygen, liquid, explosives from, 8 >0. 

manufeoture o|, 37. 

Ozone generators, 166. 
industrial applications of, 197. 


I 


P. 




Feiint and vami^ indugry, 319. 

films, weathering of, ^45. 

Paints, 335. 

, anti'fouling and anti-corrosive, 57, 
* 343. 

colloidal properties of, 340. 
lead, 338. ^ 

Palm oil, 302, 311. * 

Paper, rubber latex in, 352. * 
sizing of, li6(^ 

^trong, from cellulose esters, 150. 
Para Re^, 180. • 

Paraffin, yge of, in sizing, 181. 
Paraffin 86? 
purification of, 182. 


Peal, actiqn of alkalis on, 36. 
drypr for, 7. 
di^ng of, 15t 
drying and cokmg cfT, 30. 
pressure oxid&tion of, 36. 

Pepsif., absorption ol^, 490. 

Perilla oil, 307, 323. 

Perylene, manufacture of, 120. 

Petrol, crocked, production of, to. 
gURi-forming censtituents^of, 82. 
produ( tion of, froif;natural gas, 87. 
use of, as a refinery refngemnt, 88 . 
Pc^ioloum analysis, 73. 
cracking of, <6. 
determination of water in, 76. 
distillalion, 79. 
emulsions, 78. 
industry, 70. 
iodine values of, 75. 
nickel in, 72. 
oiipin of. 72. 

puiification of, by silica gel, 53. 
refining, 71, 80. 

sepaiationof the components of, 74. 
Phcnonthrenc, solubility of, 66. 
l^henol, puiification of, 617. 
resins, 333. 

Phenols, determination of, in tor, 67. 
cxtiaction of, from ammoniacal 
liquors, 194. 

in Icw-tcrrpereture tar, 61. 
preparation of, 97. 
riienylorsiiiic acids, 533. 
Plicnylglycine, manufacture of, 99. 

1 henyhotinduline, 128. 

Phtlielic acids, esters, 530. 

anbydiide, manufacture of, 104. 
Phosphates as fertilisers, 414. * 

solubility of, in citiic acid, 418. 
Piciic acid, defeimination of, 561. 
hygroscopicity of, 551. 
production, 550. 

Pign ents, 335. 
chrem e, 336. 

determination of thu particle size 
of, 3C9. 

efiect of, on drying oils,* 305, «321. 
fading of, 342. 
hiding power of, 340. 
microscopy of, 370. 
phofomitrogrophs of, 339. 
plastic flow of, 341. 
thermal'conductivity of, 370. 
titanium, 337. * 

Pilcha*i(ioil, 3C». 

linaccnes, narcotic action of, 532. 

“ Pinking,” 82. ‘ ^ 

Piperitone, thymol from,«522. * 
Pitch, int^tnel i^es of, 85. , 
^uitary. horroonaB 518. 

Plante, effect of carboip ^loxide Qft 
growth of, 423^ • * 
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Plaster, drying of, 232. 

Plaston^ister, 341, 454. 

Platinum, ocourrennd^nd extraction 
of, 258. ■ • ^ ' 

Pneumoco^us, BpeciBc 8ubs|ance 
from,‘519. * 1 

Poisoning, industrial, lf6. 

•iii^ods, 600. 

Porc^in, gU..es on, 223. 
hard, ^4. • 

micro8tructur#of, 22r). 

Potash industry, 197- 
salts as fertilisers, 419. ^ 

Potassium chloride horn krlti brine, 
198. 

determination of, 198, 420. 
nitrate, purity of, 541. 
permanganate, electrolytic pre¬ 
paration of, 198. 

Potatoes, solaninc in, oOi. 
Preservatives in foods, 499. 

Printing, 180. 

pastes, 180. 

Pristano, 309. 

Procollosc, 147. 

Propellant powders, 644. 
determination of resident acetone 
in, 505. 

Protoplasm, artion of arsenic on, 534. 
Prussian Blue, 330. 

Foudre B, 545, 540. 

Powders, 547. 
propellant, 544. 

Smokeless and flashless, 547. 
tin oxide in, 647. 

Pyridines in low-tempcniture tar, 62. 



a- and ^-Quartz, 229. 

Quinol, manufacture of, 98. 
Quinolines in .low-tomperuture tor, 
02 . 

Quinone, preparation of, 98. 
vat dyes* 123. 


R. 

Ramie, sp^ning, mercerising and 
dyeing of, 139. ^ 

Ramsey Memorial ClAir, 6. « 
Rancidity, 303. 

Rape oil, ^8. 

as aVtseosity standard^ 318. 
Refmct<vi^, 227. ^ ^ 

disintegratiSif ol, by carbon mo^- 
• oxide, lap* ^ 

for eleotril fuiDgees, 279b 


heat treatm«Q.t of, 228. * 

^ sjecifications for, 229. 

utilifly oi, in ooke-ovensf 228. 

Resins, 325. , 

^ analysis and claeslflcatioit of, 329. 
coumarontf; 335. 
furfural, 334. 

manil% amyrins from, 327. 
phenol. 333. 
polymerisation of, 331. 
synthetic, 93, 182, 333. 
world’s production of, 326. ^ 

Bosinlflcation in relation to constitu¬ 
tion. 334. 

^•Resorcylaldehydo, synthesis of, 99. 

Hetene, 525. 

Retorts, Fellner and Ziegler rotary, 
25. • 

Fiechtl vertical, 250. 
for carbonLsution, 43. 
fusion patent rotary, 7. 
horizontal, curboni^tion in, 37. 
vertical, carbonisation in, 38. 

Rickets, 305. 

Road tar, 04. 

Hosin, glyceryl esters, 331. 
size emulsions, hydrolysis of, 1^. 

Rubber, accelerators for, 371, 372. 
action of chlorine and iodine o>, 


300. 

action of oxidising agents on, 361. 
action of selenium oxychloride on, 
362. 

ageing of, 378. 
anah'sis of, 382. 
anUotropy of, 367, 308. 
constitution and prop aies of, 367. 
dry dfftillation oi, $01. 
dbetro-deposition of iron on, 297. 
fillers for, 309. “ 

latex, 349. 

latex, ccmgulation of, 350. 
latex, determination of rubber in; 

latex, pleclpj^tes and disperaions 
0 * 3 ^ . 

latex, prororrotion and tfansport 
of, 349., , • 

latex, vulcanisation of, 3§5. 
microscopy of, 382. 
mixings, conductivity of, 370. 
mould formation on, 353. 
production and consumption of, 
^ 347. 

mw, preparation of, 352. 
sprayed, 355,^6. 

Bw'elling of, ^3. « 

testing of, S'lO. 
viscosity of, 362. • ^ 

vulcanisation of, 363. 
vulcanised, com^unding ingre¬ 
dient lor, 366. 
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t * 

Rubber^vulcamsed, properties of. 364. 
Rubber (j^rowem' Auociatum^ 3o2. * 

* * 3 . , 

1 • ^ 

Ss 9 ichanmeter 8 , standardisation of, 
450. ^ 

Babi\on, coloration of ood as, 498., 
Salvarsan gluooside, 534. 

Sandalwood oil, 526. 

,8ands, moulding, 239. 

Sardine oil, 310, 324. < 

Sawdust, saocharification of, 488. 
Sea«anemone, poisons from, 519. 
Sel^ium in rubber, 371. 
Sesquiterr^es, constitution of, 524, 
826. 

Sewage, activated sludge treatment 
of, 607, 608, 609, 510. 
aeratbn of, 509, 611. 
biology of, 508, 510. 
colloids in, 606. 
disposal, 508. 
pumcation, 505. 

Shark liver oil, 309. 

Shellac ufid its decomposition pro* 
ducts, 328. 

<- grading of, 328. 

Shellclic s^id, 328. 

Shells, high explosive, boosters for, 
, 664. 

storage of, 654. 

Shipping, anti-fouling and anti-cor¬ 
rosive paints for, 249, 343. 
Shot-gun powders,' ballistics of, 545. 
Silica gels, adsorption by, 185. 
gels, manufao>ture uid of, 53. 

gels, use of, in benzol recoveit-, 52. 
Silicates? defoimation of, 217. 
i^Uioofluorides, prevention of mould 
on rubber by, 353. 

Silk, action of light on, 138. 
analysis of. 138. . t 

artilwial, 140. * • 

cellulose acetsTte^yeldg 172. 

stnibture of, 13R ' 
viscose. 14U . 

visco^, dyeing of, lY4. 

* weighting, 180. 

Silver, electrolytic refining of, 267, 
' 299. 

neosalvarsan, 534. 

Sizing, 181. * 

Skins, curing and soaking of, 38^. 

liming ana bating of, 389, 397. 

Slag, baelcfccmstitutionand manurial 
t value of, 238. 

as a^ertilise^, 413. 

Smoke abatement, 187. 

Soap, detbrgefit power of, 166, 314. 
manufacture of, 318. 


*1 f ' ' 

meta^, and their industrial appli- 
tcatirms. 315. , 

sod’^ silic.itM in, 314. 
solutions, properti^ of, 314. 
s^cture of*, 313. 

Society of Leather^rrades Chemists, 
385, 307. 

Society of Public Analysts, 4^ « 
Sodium^ide, preparation offo63. 
hydrosulphite, analj^is pi, 177. 
bydrosulphite, Xidustrial uses of, 
and its determination, 199. 
c hydrosulphite, reaction of silver 
chloride with, 200. 
nitrate, manurial value of, 410. 
sulphate, electrolysis of solutions 
of. 202. 

sulphate, mixtures of sulphuric 
acid and, 200. 

thiosulphate, manufacture of, 199. 
Soils, 423. 

acid, fertilisere for, 416. 
acidity of, 426. 

African, 424. 
analysis of, 427. 
available plant food in, 427. 
bacteria in, 431. 

British fruit, 424. 
determination of nitrates in, 4^. 
lime requirements of, 426- 
meohanical analysis of, 424. 
mineralogioul analysis of, 427. 
sulphur compounds in, 422. 
Solanme in potatoes, 501. 

Solid solutions, 259. 

Solvents, recovery of, 649. 

Soya bean oil, 307. 

Sprayed rubier, 355. 

Starch, action of iodine with, 454. 
constitutida of, 461. 
determination of, 454. 
efiect of, on tensile strength of 
cotton, 453. 
hydrolysis of, 463. 
manufacture of, 453. 
pastes, 454. 

pastes, viscosity of, 182. , 

St^l, alloy, preparation and pro- 
^ pert^es of,, 241. 
carb6n,*efiect of tcmperatvire on, 
*242. 

corrosion of, 247. 
effect*of tin on, 244. 
high-grade crucible, 239. 
ifiapganeseiin, 237. 
manufacture, 237. 
manufacture, from scAtp, 285, 
nitrog^ in, 246. • * 

production, electric fiimacei for, 
- 279,281,2^, fW. J ‘ 

^ production in the United Kanidbia, 
233, 
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SteeU queaohing of» 245. 

8ilioon«243. 
stainless, 249, 267.486. 
structure of, A4. * ^ 
works, producer practice in, 41. 
Stibenyl, 536. * I 

Stills for petrdleum, 79. • 
Stane^uUding, decay of, 220. 
Stovarrol. 533. . 

Stoves, C^fvper, combustioi*. m, 236. 
Strainers, 4^. • ! 

Straw, bacterial treatment of, 468, 
lignin from. 154. st 

Strophanthidin, 521. 

Styrene in water-gas tar, 65. 

Succinite, 330. 

Sugar analysis, 449. 
beet industry, 442. 
beet juice, clarification of, 445. 
beet juice, extraction of, 443. 
cane juice, clarification of, 434. 
cane juice, evaporation of, 438. 
cane juice, extraction of, 433. 
determination of ash in, 450. 
determination of hydrogen-ion con¬ 
centration in, 451. 
industry, 432. 

' manufacture, decolorising carbons 
for, 447. 
moulds on, 441. 

production, chemical control of, 
452. 

raw, caking of, 442. 
raw, deterioration of, 440. 
reducing, detemination of, 449, 
494. 

white, manxifacture of, 436. 
•oi^ugars, 461. 

Sulphide dyes, 126. 

Sulphonation, 90. % 

Sulphur chloride, vulcanisation with, 
363. 

compounds as fertilisers, 422. 
determination of 203 
determinatioi! of,* in flue gases, 55. 
determination of, in tar, 67. 
dictftde, •catalytic reduction of, 
203. 

dioxide, solubility pf hydrocarbons 
in, 81. , • 

finely-divided, os an inseettoide, 
203. 

in coal and coke, 29, 236.* 
industry, 900. 

Temo\^ of, from gat, 4$. « * 
Sulphuric acid, manufacture of, 187, 
200 ., • 

mirtfiro^ ot nitric acid i(hd, 195. 
mixtui9)*of eodiqjpa sulp^ipte and, 

200. # * / • A 

^roduotiov in the United Rinsdomr 
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^Sulp^uryl chloride, ohlorinatiod with, 

8unfloiler seed oil, 308. * 

Sunflower seeds, was. from, 3t8. 
I^uperphospbates, tnanufaoture of, 
414. ® 


T. 


Tanning, 39l 
chrome, 396. 
theory of, 394. 

Tannins, amlysis of, 398. 
sources of, .392. 

Tar. analysis of, 67. 
distillation, 8, 63. 
low.tempomture, 26, 60. 
low temperature, from lignih and 
cellulose, 36. 
road, 64. 
viscosity of, 65. 

Tartar emetic, action of, in disease, 
535. 

Tartrazine as a food colour. 498. 

Tetrahydrocarbazole derivatives, 103. 

Tetrallne as a thinner, 344. 

Tetramethylammonium chloride, 519. 

Tetryl, determination of trinitro* 
toluene and, 566. 
manufacture of, 652. . 

Textile industry, British, 162. 

Textiles, finishing of, 182. 
scouring and bleaching of, 164. 
testing of, 141, 

Thalassin, 519. 

Therm metor, 68. 

Thiazol^n vuloonisatiot., 372. 

Thio-aci^ in vuloantsation, 372. 

Thidlliglycol, industrial uses of, 93. 

Thbindigo dyes, 115.* * 

Thymol, 522. 

Thyroxin, ^3. 

Timber, 47z. 

Tin, eieotr^ytk} reoov'ery of, 298. 
in foods,^K).^ 
in sUHi, SI4 A * 
reooveiy, 2^.^ 

Tinplate indtutry, use of sulphuilb 
acid m, 202. • 

Tin-platmg, prevention of oorrosidh 
oy, 250. 

Tintometer, 484. 

Titania, influence of, on glass, 213. 

Ti^ium pigrzfcnts, 3v7. 

Toluene, .catal^ic oxidaUon of, 105. 

Transformer oil, ^ts for, 85. 

Trlmethvleife-glycol dioitlate, 543. 

Trinitroanisole, mairnfacture and • 
military use ot, ^3. « 

Trinitroben^e, preimt^a»of, ^3. 

TrinitTOfflyoerm, detorm&tion «!, 
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Trinitm^henetole, moni^aotare and 
military uae of, 553. ** * 

Trinitrotoluene, determinatiofi of 
tetiyl and, 566. 

manu^ture, 551. ^ 

Trinitro-,m*xylai^e, prtparation of,* 

;.553. 

Trijdienylmethano dyes, 11). 
Trypanosomiasis, 533, 537. 
Tuberculosis, «treatment of, 
acridine dyes, 538. 

?hmg oO, 306. 

gelation of, 323. « 

Turpentine, Indian, constituents of, 
327. 

Russian, 326. 

world’s production of, 325. 
Tyresnrith various fillers, 371. 


U. 

XTltrahumins, 22. 

United Alkali Co., centenary of, 190. 
United Kingdom, production of iron 
and steel in, 233. 

production of sulphuric acid in, 184. 
United States, jietroleum industry 
«• in, 70, 76. 

United States Bureau of Standards, 
498. ' 

United States Cotton Standards Act, 
130. 

Urea, production of, 409. 
iSoUrea dmvatives, 532. 


^ * V. 

Vapour firessuse, apparatus for mea- 
, suring, 50. 

Varnishes, 343. 
anal^is of, 346. *' 

drying of, 344. . i 

films, weatheringbOf, 345. 
insulating, 343. J 
BpraVing of, 344.' * 

Vat dyes, 121.« 
quince, 123. 

Termilion industry, Chinese, 338. 
Viscosimeter for colloidal solutions, 
* U5. 

Redwood, 318. 
rolling-ball, 85. * 

Vitomin-A, 489. * 

Vitamin*B from ye|wt, 469.* 
Vitamins, €0^, 489. 
t in yeast fermentation, 46$, 469. 
Vitrai%, 21. * 

Volunt4k 631. 

Vulcanisation,*363. 
aocelenktors for, 37l> 372* 


W. 

Washing pomiers, per-rea^^ents in, 
Ido. t t 
Water, acidity'of, 616. 
chlorination of, 513, 516. 
determinaVon of hardness of, 397. 
purification, 613. 

Wax, montan, emulsions for 
«8izi](g, 161. 

montan, wax sulfstance^ from, 87. 
paraffin. Stc, Paraffin wax. 
Waxes, 318. 

Wine, ageing of, 487. 

Wood, American, analyses of, 152. 
coniferous, constituents of, 161. 
determination of cellulose in, 152. 
elTect of liquids on, 11. 
oil, 306, 323. 
pulp, sources of, 156. 
pulp, sulphite, 157, 158. 
pulp, waste liquors from, 159. 
white spruce, hydrolybis of, 152. 
Wool, 136. 

action of fungi on, 136. 
action of hydrogen peroxide on, 
138. 

action of ozone on, 138. 
disinfection of, 137. 
dyeing of, 178. 
moisture content of, 137. 
shrinkage of, 137. 


X. 

Xylenes, pure, preparation of, 66. 


Y. 

Yams, testing of, 141. 

Yeast, action of ultra-violet light on, 

development »id nutrition of, 470. 
dried, 486. 

fermentation with, i%f. 

(vitamins in, 469. 


Z. 

Zinc allo^ with gold, 2€8. 
etectrolytic*) crystal structure of, 
2§7. 

electro-metallurgy of, S93. 
metallurgy of, 256. ^ * t 

oxide, manufacture of| 338. 
sulphme, dark^iing of,*^836. 
'Zirconium oxkle, p^paration of, 
pure, {26. * -* 
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PATENT HYDRAUUC 


Comptje§sed*^r. Accumulators 

. ‘ ' * i 

Th% most efficient method for operating any description of 
Hydj-aulic Machine foO P/essures *ranging • from 20 to 600 
^ • atmospheres. 


\ir Bottles. 

i 


Air 

Coinpn's'ior, 


Hyclvaiilic Pump. 


A few of the advantages gained by t^mg^ur Accumulator:— 

1. Comparatively light weight. 2^ S«K>otlf igorkiiig. 

^ 3, JPouibility of erection on any floor. 'l^aU floo * * 
space. 5. No heavy ^weights. 6. No^ foundations. 

• .* - 

• • 

I'or full iiifomaiion uritc fo;— 

BAKER * PERKINS, JLTD., 

Manufacturers of Plant of aV descriptions—Grinders, Sifters, Separators, 
loesses, Driers, etc., 9toving Installations, Plant fo;r the manufacture of Paint, 
Soap and a large numhcr of other commodities. We inrite your problems 
for consideration. * e 

•WESTWOOD* WORKS, PETERBOROyfiH. 

« Telegrams:, • Telepkene^ 

Pioysnfli, Jpiaiaravgli. ^ ^ 301 
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Tube Mill^ ot Ball 
\ 'Mills? ' 

T N addition to a technical staff competent to advise 
J[ on this and dther crushing and grinding problems, 
Edgar Allen and Co., Ltd., offer a fully equipped 
experimental plant for engineers to carry out practical 
tests with their own materials. Send details of your 
problem, or study the brief descriptions below and 
write for literature. We can probably help you to 
answer the question above and also to get higher 
outputs. 

'Stag* Tube Mills For fine grinding. 

either wet or dry : charged with flint pebbles or steel balls. 
Supplied in sizes from 12 ft. long x 3 ft. in diameter to 30 ft. 
long X 7 ft. in diameter. 

‘Stag’ Ball Mills Continuous feed and 

discharge. For wet or dry grinding, with or without sieves. 
Material up to 7*inch cube can be fed to the largest mill. ' 
Supplied in sizes from 26" diameter of drum to 122" diameter 
of drum. 

‘Stag’ PulvMzing Cylinders 

For grinding in dry or wet state to a fine powder or slime. 
Lined with hard cast iron or Edgar Allen steel plates. Other 
linings provided where necessary for chemical reasons. 
^p{died in sizes fr|jn li" diameter inside shell to 72^" diameter 
inside shelL ^ t 

Stag ’ Combination Tube Mills 

For the combined work of preliminary and fine grinding, lake 
the place of separate ball and tube*miUs. Supplied in sizes 
from I6*ft. long x 4-ft. diameter to 40'ft. long x 7ft. diameter. 

« 

Write Jor dppropriatk (iWaluee. 

Edgai 

I \ferks- 

effceid 
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X-Ri^Y' SI'lfC'IJMKlRA^- 

■% (a) Determining space lattice structure 

, of cr>%ta}s and powderl, and Aus 
(b^ Analysis of -..lystals and powders. 

(c) Analysis o'f solids us’ed as anti- 
cathoues. 

SPECTROGRAPHS 

for metallurgical and inorganic analyses. 

SPECTROPHOTOMETERS 

for organic chemistry: study of mole¬ 
cular structure, quantitative estima¬ 
tions, determination of purity, etc. 

WAVELENGTH SPECTROMETERS 

for visual spectrum analysis. 

- » 

* • 

Our catalogues list every Accessory needed for 
these instruments, and give full technical in- • 
formation relative to choice of equipment for 
specific purposes. We imiitejyou to visit our 
laboratories, and to send us ^one foi;, our 
.mailing list under any or all of*Uie follomng* 
categories; *. • * ' . 

CHEMICAL; PHYSICAL, 

. -ENGINEERING. 

. 

- ADAM HILGER'Lta. 

7^.*Cam(len I\pad, London, N.W. 

^ . (Entrance: 24 Roek9$ter Place^’^djoini:^) 
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t 

» WhfeJ^her it be for ice-making, or, for'cooling 

llqui^ls, solids, er gases, there ^ no case toi which 
« • 

BROtHERHOOD 

REFRIGERATING PLANT 

will not, in price, efficiency and reliability, be a 
sound investment. 


Belov is shown a Brotherhood 300-lon ammonia compressor, 
driven bp a Unifiov Steam Engine. 






PETER BROTHERHOOD, LTD, 
PfJ^RBOROUGH. 


Makers also of 

STEAM ENGINES, STEAM TURBINES, 

AIR & GAS COMPRESSORS,, 

GAS, .CRUDE OIL & PARAFFIN ENGII«3, 
WATER. COOLING PLANT. 

recovery plant. &C., 
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POLARiMETpRS 

Ni^erou3*mddels, for ever^ variety of 
work. Accurat:; tubes of every kind 
always in stock!* 

SACCHARIMETERS 

Instruments of highest accuracy. Control 
plates of quartz. 

REFRACTOMETERS. 

including Pulfrich, Abbe, Dipping, and 
Rayleigh gas and liquid refractometers. 


Full description of these anc^other instruments post 
free on application. We invite you td visit our^ 
laboratories and to send us yo«r name for our 
mailing Ijst under any or nil f>f ^e following 
categories: 

' . PHYSICAL,^ 

ENGINEERING. 


ADAM. HILGER Lm 

75'.^\ Ca|ndeQ Road, London, * 1. * 

(Entnmeei 24 RSkhater Naet—aiJainUlg) 
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BRIXISH ASSOCIATION 
' OF, CHEMISTS. 


THE PROFESSIONAL ASSOCIATION FOR ALL 
TECHNICAL AND ANALYTICAL CHEMISTS. 

< 

FOUNDED 1917. 


ESTABLISHED ACTIVITIES. 

APPOINTMENTS BUREAU.—Issues weekly circular 
of all available Vacatrt Appointments. Employers 
requiring the services of fully trained and expe¬ 
rienced chemists are invited to make free use of 
the Bureau. 

UNEMPLOYMENT iUND.—A contributory fund from 
which substantial benefits are paid to all members 
who may become unemployed. C^er £900 was 
paid out in benefits during 1923. 

LEGAL AipVFliljIJ.—To afford the maximum of 
‘support and assistance to all members in all 
flatters of 'b professional 'naturp requiring Legal 
Aid or Advice. , ' • 

____ __ i 

« • 

* t ^ 

Further information and full particufars may be obtained 
•on applicaljon to the Hon. General Secrelar^, 

*•», IPS. Baker Street, ^ndoft, W.'J.i 




ADV1:BTISES£ENT3. 


607. 






























608 BETOBTS Of IBB BBOaBISa OB iUBUBp OHEMISTBBt 



It you require an alloy *to withstana 

.HIGH TEMPERATURES 

OR 

ACTION OF . ACIDS 


EMPEROR CHROME NICKEL 
ALLOY. 


Sole Mailers: 

SUTCUFFE, SPEAKMAN & CO., LTD., 

LEIGH, LANCS. 


BRINJES & GOODWIN, 

.UMITED 

. CHEMICAL * Em^^EERS.. 

. . . ' 

COLD HARBOUR, POPLAR, LONDON, L14, 

and at 

READING ENGINEERING WORKS, REAMNO. 

' — * - 

CST/^BLISHED in 1829v hqve steadily 
specialised in Mixing .and" Grinding 
'Machinery, in which they claim to have made 
improvements, patented and unpatented, whkh 

' SAVE LABOUR, INCREASE* OUTPUT, and 

^ IMPROVP PRODUCT. 

■ Makers of thf celebrated " HELIX" Patent Triple Raljer 
Mills, ^tent Positive Driven .Edge Runner Mils av^d ^Patent. 
*. • ImpTOvSd Klterdresses. , , ‘ 
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4 

i 

i 

1 

i 

1 

1 

$ 

Traded Waft, 

1 

Si 

\BMr/ 


1 

branV 


1 

SODA A^ 58°—98/99%. 

1 


CAUSTIC SODA 

i 

'i 

(Solid)—^All Strengths. 



(Flaked)— 76/77'>. 

i 

1 

BICARBONATE OF SODA 

1 

w 

i 

B.P. Standard. 


1 

SODA CRYSTALS. 

1 

1 

SILICATE OF SODA. 

1 


(All grades for all purposes.) 


1 

CALCIUM CHLORIDE. 

1 

Si 

AMMONIUM CHLORIDE 

A 

% 

i 

(Muriate of Ammonia), 

i 

n 

CARBONATE OF AMMONIA 

ii 

i 

SULPHATE OF'ammonia. 


'n 

1 

1 

BftUNNER,M6l^lCo. 


n 

. }jMrrED, , . 


i 

NOBITWWICH ENGLAND. 



Telephone: No. 1. TcUgrams: Crescent, Northwich. 


^•<! 

l6nDON'SALES OFFICE^ 



7, £AV^ND1SH SQU/^E, W. 1. 

k 

'n 

Telephone: Telegrams: 

Langham 2820 & 2821. Sesqui, fVesdo, Lon<^9. 


i 

si' 

^ 


(> 


H. 
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BEFOBXS OF THE PBOGBESS OF APPLIED CHEMISTifF. 

« • *♦ 

OXFORD TECHNICAL PWUCATIONS 

_ . _' ^ • _ 1 _ 

VAK^ISHEyAND THEIR GOMri&NENTS. < 

,, B/»R. S. MOKRELL, M.A.. Ph.D., F.I.C. tp. Fully illustrated. 

t 2$s. net. 

SANDS AND CRUSHED ROCKS. ” 

Uy A. B. SEARLE. , 

Fol. i.-«*.Vafur«, Properflet and Treatment, / 

Fol. It.'^Vtes in Industry. 

^ A unique work of reference. 52s. 6d. net. 

ENGINEERING NON-FERROUS METALS & ALLOYS. 

By LESLIE AITCHISON and W. R. BARCLAY. Pp. xx.+300. 
Diagrams and photomicrographs. 21s. net. 

MODERN ELECTRO-PLATING. 

Qy W. E. HUGHES, B.A. 18 Plates (photomicrographs). P|). viii.+160. 
16s. net. 

POWER ALCOHOL: Its Production and Utilisation. 

By G. W. MONIER-WILLIAMS, M.C., M.A,, I'li.D., F.I.C. The standard 
work. Pp. xii.+324. 21s. net. 

FLAVOURING MATERIALS. Natural and SyntheUc. 

By A. CLARKE. Pp. xii.+168. Illustrated. 8s. (id. net. 

Postage extra in all cases. 

HUMPHREY MILFORD, Oxford University Press, 
I Amen Corner, London, E.C. 4. 


SOLVENT 

RECOVERY by active Carbon. 

DECOLOURISlNCi 

CARBONS in all qvelitiet.' 

Absorbent 

CARBONS 

Grannies of all dimennons 
up to one inch. Hi|best 
'Absorbingr Powers known. 

SUTfcUFFE, SPEAKMAN & CO., LTD.y *‘ 

LEIGJ5, LANCS.” ” 





• ADVESKCIBEMENTS. 
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S..H. jQhnfeon ^ Co., ttd., 

ENGIISfEERS 

»• - 



Filterpresses JackettedPans 

& Mixers 


Air & Gas Compressors & Blowers 

of all types.* 



CABPENTEKS ROAD, STR^tFOBDf 

' 'LONDON, ^ 15 . •* 

• leiMrafns: * ^ •TelAnonc: 

Loifdon." Maryland 1229. 





VE SPECIALISE IN 


WORKS PLAJVr 

FOR THE 

RECOVERY AND REFINING 

OF 

COAL BY-PRODUCTS 


FILTER PRESSES 

n^UNGER PUMPS, DIAPHRAGM PUMPS (for acids), 
AIR-COMPRESSORS, FILTER CLOTH, LIGNUM-VIDE TAPS. 












^Vllua'lSKlCENTS. 


• • • 



FILTER' CLOTHS 


BLUE ASBESTOS 

Do Corrosive Liqxdds Quickly 
Affect your Filter Cloths f 

Then use Blue Asbestos, which is acknow¬ 
ledged throughout the chemical trade to be 
a vastly superior acid-resistant than white 
asbestos. After two hours immersion in 
sulphuric acid, at a temperature rising 
from 15 ° to iio'C., it shows a loss in weight 
of only a|% as compare with 40 % in the 
case of white asbestos With hydrochloric 
and nitric acids a greater proportionate 
diSerence is noticeable. Thus is shown 
the advantage of Blw Asbestos 0ter, 
cloths and bags 

^ Send for Samples * 

X, 
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KEPOtTS or THE PROGRESS OF APPLIED CHEMISfeY. 

« C •< 







Al>W£aTlB£lI£NTS. 



[DISCRIMINATING 
Chemical Engineers 
agree lhal VlTREOSIL is 
incomparably superior to 
any other material (or 
plants (or the manu(acture 

o( HN 0 ^H,S 04 .HCI. 
etc. It is heat and acid 
proof, and does not sweat, 
crack or disintegrate. 

Write (or illustrated lists 
o( plants and w&ks 
pieces. Sen/ 0ast free 
* on application. 



Sole Manufacturers: 

The THERMAL SYNDICATE'Ltd,.' 

WALUSEND-ON'TYNE, ENC. 

.UndoyWI: 2«, Vto^.Sh.»l,S.W. I. * 

«nd ii Paru and Nek Vork. 
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MACtpiN’S 'BOOKS Qlt 
APPLIH) CHEMISTRY.- , 


CHEMICAL TECftNOLOGY* AND* ANALYSIS bP 
OILS, FATS, AND WAXES 

By I)r. J. LEWKOWITSCIL M.A., F.I.C. Sixth Edition, entirely re«^ 
wnttcn and enlarged Kditffl by Glorck H.* Warburton. In 3 vols. 
Illustrated. Mcdiu.< <svo. Vol. L, 36s. net. Vol. 11., 428. net VoL 
III., 36s. net. 

LABORATORY COMPANION TO FATS AND (MLS 
INDUSTRIES 

By Dr. J. 1-EWKOWITSCH, M.A., F.I.C 8vo. 7s. 6d. net. * 

A COMPLETE TREATISE ON INORGANIC AND 
ORGANIC CHEMISTRY 

By the Rii-ht Hon. Sir H. E. ROSCOE, F.R.S., and C. SCHORLEMMER, 
F.R.S. 8\o. 

rOL. I. THE mN-METALLIC ELEMENTS 

Fifth Edition. Revised by Dr. J. C. CAIN. 30s. net 

VOL. IL THE METALS 

Sixth Edition. Completely revised by B. MOUAT JONES, M.A., 
and others. In 2 Parts. 50s. net. 

THEORETICAL CHEMISTRY, FROM THE STAND-- 
POINT OF AVOGADRtyS RULE AND THERMO- 
DYNAMICS 

By Professor WALTER NERNST, Ph.D. Fifth Edition. Revised Ik 
accordance with the Eighth-Tenth German edition by L. W. Codd, M.A. 
Illustrated. 8vo. 28s. net. 


DISTILLATION PRINaPLES AND PROCESSES 

By SYDNEY YOUNG, D.Sc.. F.R.S., with the collaboration ^ Lieut-Coh 
E. Briggs, B.Sc., T. Howard Butler, M.Sc., F.I.C., Thos. H. Durrans. 
M.Sc., F.T.C., the Hon. F. R. Henley, Ja8.«'KcwIey. M.A., and Joseph 
Reilly, D.Sc. With 210 Illustrations. 408. net * • 

ALCOHOL: .ITS PRODUCTION, PROPERTIES, 
CHEMISTRY'and INDUSTRIAL APPUCATTONS . 

By C SIMMONDS, B.Sc., Analyst in the Goveenment Laboratory, London. 
Illustrated. 21a. net. w 


With 2f IllustiAions. 


TTlE PRINQPLES (MF THE BHA#E THEORY. 

By DOtJGBAS A. CLIBBENS, Ph.D. Tllust4t«a._2Ss. net 

THE MANUFACTURE 01* * silERMEDIATE 
PRODUCTS FOR DYES • 

By JOHN CANN^L CA)N, D.Sc. With 2V IllustiAions. Second 
Edition Revised. lCll.^net • 

THE MANUFAtTURE OR DYES 

By JOHN CANNELB CAIN. D.Sc. 12,. 6d. net 

A -raXT-BOOK (MT INORGANIC CHE&OSTRY 

B/T. MARTIN LOWRY, C.B.E.. F.R.S.. D.Sc. «liistraied. 285. net 

A DICnONMtY *OF CHI^CAL SOLUBIUXJGCf 

‘Edison by ARTHUR M. COMEY. rh.D. Se4nd Edkitn. enlareed 

frothy A, 

fof Macm%H‘s Ot^fied ColUoffiu, post frt* m 

yAflJILLAN & CO, LTdXoNDON. ^.C». 



.Superlime 


S OFNOL SUPIXUME SPECIALITIES, ^he w.ord ” Superlime " 
characterises our products in two ways. Firslljr, it indftates 
their special quality—they are products made by chemists with a 
iuM understanding of the needs oftbrother chemists. Secondly, w'e 
are lime ^pedalhh. SOFNOL CALCIUM HYDRATE, developed, in 
the first place, to meet the exacting needs of water softening, is the 
purest hydrated lime on the market. It is a dry powder, stable, in 
every way convenient. 

A SOFNOL LIME-SODA MIXTURE consists of Sofnol Calcium 
hydrate ready mixed with the exact equivalent of Soda for the 
complete softening of your water supply. This is the ideal reagent 
for the treatment of hard water. 

We have to carry out many thousands of tests on our customers’ 
water supplies. SOFNOL APPARATUS AND REAGENTS for 
Water Testing make our special methods available to all 
interested in this important branch of analytical routine. 

SOFNOL SODA-LIME is supplied in grades to meet every scientific 
and industrial requirement. 

We have published a serie^' of intciestiiif; booklets explamin;; our 
products and our .service. To read these will cost you only « post¬ 
card to our GVccjitt’icA labviutoncs. 



S0FM)L 

L.IMb'T'ED 

.WE8TCOMBE 
‘ 'HILL 
GREENWICH 
S.E. 10 , 

Telephone: Crecr-'*''’' 
c WiiiTe: ^ ^ 

C Softcrials—Wesfko4lhe—~Bon'don. 
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TAS.174. 


























W. Spealghi and Sons, Ltd., 
Printers, 

Fetter Lane. London, E.C. 4. 







